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ABSTRACT 
Identification of fish species is usually based on the 
physical appearance of the fish, however with products such as 
skinless fillets, minced fish and fish fingers this is not 
possible. Chemical methods are then employed such as disc 
electrophoresis or more recently isoelectric focusing. 
This investigation was carried out to determine the scope 
and limitations of the isoelectric focusing method using agarose 
as the support medium. various factors were investigated 
including: extraction and application techniques, storage life 
of the extracts, closely related fish species, polymorphism, 
differences between light and dark muscle and the effect of iced 
and frozen storage of fish. The isoelectric focusing technique 
was also extended to include salted-dried fish. In an attempt to 
increase the speed and accuracy of the method, computing 
techniques were applied to pattern identificition. 
The agarose isoelectric focusing was found to be effective 
in tdentifying the majority of the fish species tested. Blending 
the fish muscle with distilled water was found to be the best 
extraction technique. It was shown that the extracts when stored 
at a-IoC should be used within 24 hours. Iced storage of fish' 
did not affect the electrophoretic patterns for at least one 
week. Tilapia (Tilapia species) gave polymorphic patterns, also, 
an unusual pattern for haddock (Melanogrammus aeglefinus) was 
recorded, possibly indicative of polymorphism. Sebastes 
viviparus, Sebastes marinus and Helicolenus dactylopterus, three 
members of the Scorpaenidae family, showed very similar patterns 
and could not be readily distinguished by this technique. All 
fish tested showed different protein patterns for light and dark 
muscle; both were equally species specific. Freezing the fish 
was shown to alter the patterns and diminish the strength of the 
protein bands. 
Unprocessed and salted-dried fish of the same species 
identical patterns after treatment with cyanogen bromide. 
the salted-dried fish species tested could be identified. 
showed 
All 
A comput~r program was developed to identify fish species 
based on comparison of the electrophoretic pattern of unknown 
species- with reference patterns of known species stored in a data 
file in the form of isoelectric points and band densities. 
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INTRODUCTION 
Fishermen and fishmongers throughout the world 
sometimes substitute high value fish species with 
cheaper species in order to make more profit. 
In the UK, saithe (Pollach-ius virens) is sometimes 
substituted for more expensive cod (Gadus morhua), and 
dab (Limanda limanda) for lemon sole (Microstomus kitt). 
In Belgium, Abrams et al. (1984) showed that 
'commercially available "lemon sole" fillets were dab, 
and "sole" fillets (Solea solea) 'were witch 
(Glyptocephalus cynoglossus). In Australia, Sumner and 
Mealy (1983) showed that out of 52 fillets purchased 
from retail outlets in Melbourne only 13 (25%) were 
correctly labelled. Earlier, the same authors had 
reported that several different kinds of fish were 
incorrectly being sold as barramundi, (Lates calcarifer), 
john dory (Zeus faber) and snapper (Chrysophrys 
auratus), fish species highly valued by Australians 
(Sumner and Mealy, 1982). In Japan, the problem is more 
serious because two substitute fish species, escalor 
(Lepidocybium flavobrunneum) and castor oil fish 
(Ruvettus pretiosus), are poisonous fish and their sale 
is prohibited (Ukishima et al., 1984). 
Rehbein (1983) emphasized the necessity for a 
chemical method for fish species identification to be 
applied in W. Germany as a result of the increasing 
number of imported fish species. 
In the case of whole fish the identification of a 
fish species is usually easily determined from the 
physical appearance, although, it may be necessary to 
examine fin rays or bones to classify some closely 
related species, such as Merluccius species and Sebastes 
species. Only when the identifying features have been 
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removed, as in fillets and cutlets, does species 
differentiation become difficult. After further 
processing, such as cooking, canning, drying, salting 
and smoking, identification by appearance and other 
sensory means is often impossible. 
In the UK, the Food and Drugs Act 1955 and the 
Trades Description Act 1968 make it an offence to 
misrepresent any article offered for retail sale. The 
permitted names for species of fish are set out in two 
statutory instruments. 
Labelling of Food Regulations 1970 (statutory 
instrument 1970 No. 400 and amendments) which 
apply to England and Wales. 
Labelling of Food Regulations 1970 (statutory 
instrument 1970 No. 1127 and amendments) which 
apply to Scotland. 
In Greece, the author's home country, similar 
regulations are applied and species identification is a 
major problem particularly for imported fish species. 
Legislation, however, has preceded the development 
of adequate non-sensory methods for identifying the 
species in fish products. until 1967, it was possible 
to identify only raw fish by electrophoresis. In 1968 
the method was extended to cooked fish (Mackie, 1968). 
Later- on, Mackie and Tay10r (1972) extended the method 
to include canned fish. 
Recently, isoe1ectri~ focusing (IEF), a newer 
electrophoretic technique, has been used increasingly in 
distinguishing fish species, mainly because of its 
higher resolution. However, the scope and limitations 
of this technique, particularly w~en using agarose as 
support medium, have yet to be established. 
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2. LITERATURE SURVEY 
2.1 THEORY OF ELECTROPHORESIS AND ELECTROPHORETIC TECHNIQUES 
Electrophoresis is a powerful and flexible method 
for separation and analysis of proteins, nucleic acids 
and other charged particles. The water soluble fish 
muscle proteins, which have a range of molecular weights 
between 20,000 and 60,000, are an ideal size for 
electrophoretic separation (Mackie, 1980). 
In electrophoresis, an electric field is applied to 
the soluble proteins or other charged particles in a 
buffered porous medium. These charged molecules inigrate 
under the influence of the electric current through ·the 
porous structure and are separated by their different 
electrophoretic mobilities. The speed at which each 
charged particle movasdepends on its size and on its 
electrical charge, which in turn depends on its 
molecular structure, i.e. the amino acid composition of 
proteins. In other .words, migration of proteins in an 
electric field depends on the magnitude of their surface 
charge density at a particular pH. Carboxylic (a,p,I), 
amino (a,E), imidazole, sulfhydryl, phenoxy and 
guanidinium ionic groups are involved in determining net 
surface charge (Catsimpoolas, 1980). 
variations in the support medium and buffer make it 
possible to separate protein molecules not only 
according to charge and size but also according to 
isoelectric point and biospecific affinity. 
Connell (1953a; 1953b) was the first to apply 
boundary electrophoresis to obtain "fingerprint" 
patterns for the identification of fish species. 
Subsequently, a number of other electrophoretic 
2.1.1 
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techniques have been employed to produce "fingerprint" 
patterns or electropherograms for the speciation of 
fishery products. These electropherograms were shown to 
be independent of size, age, sex, environmental 
conditions (Tsuyuki et al., 1965a) and physiological 
state (Tsuyuki et al., 1966) of the fish and to be 
suitable for the unequivocal identification of the fish 
species. 
The most important of the electrophoretic 
techniques will now be discussed. 
Starch electrophoresis 
Conversion of granular potato starch to the gel 
form used for electrophoresis is a two stage process. 
Firstly, a partially hydrolysed material is produced by 
warming potato starch in acetone containing 1% by volume 
of concentrated hydrochloric acid. The second stage, in 
which this material is converted to a gel, requires a 
somewhat higher temperature. In practice a suspension 
of the partially hydrolysed starch in an appropriate 
buffer is heated and at the same time stirred or swirled 
vigorously. As the temperature rises the viscosity 
increases and then falls sharply. Once this has 
occurred a gel will be formed on cooling with properties 
suitable for the electrophoretic separation of proteins. 
The mobilities of the proteins in starch gel differ 
from those existing in free solution as a result of the 
small pore size of the gel. Thus, sur~ace charge 
density separation is altered by the retardation effect 
of the starch gel. This retardation effect of the 
starch gel improves the resolution of the method, but 
difficulty is encountered in obtaining consistency of 
pore size from batch to batch. 
2.1.2 
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The pH and the concentration of the buffer are two 
other important factors affecting the mobility of 
proteins, since the net charges of the molecules 
undergoing electrophoresis depend on them. 
Unfortunately, residual acid in starch may bring about 
some alteration in the original pH value of the buffer 
(Gordon, 1969). Finally, starch as a natural neutral 
gel is not free of endosmotic effects (Laird et al., 
1982). 
Cellulose acetate electrophoresis 
Cellulose acetate is the acety1ated product 
obtained by the action of acetic anhydride on cellulose. 
Membranes made from this material consist of a 
three-dimensional structure of interlocking pores. In 
their dry state the membranes are rather brittle and 
exhibit a high tensile strength. After saturation with 
buffer, they acquire a gel-like appearance and lose 
their brittleness (Chin, 1970). 
Some years ago, electrophoresis using cellulose 
acetate appeared to have the most potential as a routine 
inspection procedure for fish species identification. 
The difficulty of preparing the support medium was 
eliminated through the use of commercially prepared 
strips which could be purchased from any chemical supply 
house. The only preparation required was a soaking of 
the strips in chilled buffer prior to the application of 
the sample. Both the equipment and the procedure were 
extremely simple and the stained patterns were stable 
(Learson, 1971). 
The application of the technique to fish species 
identification is limited, mainly by its very low 
resolution. This results from difficulties in achieving 
2.1.3 
2.1.4 
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an ultrathin starting zone and presence of spreading 
caused by diffusion during migration (Catsimpoolas, 
1980). 
Agarose electrophoresis 
Agarose is a natural linear polysaccharide of 
galactose and 3,6-anhydrogalactose derived 'from the agar 
of Gelidium amansii (Bio-rad Laboratories, 1980). 
In agarose gels, proteins are separated according 
to charge density only. The porous gel network is 
present only to stabilize the buffer because its pores 
are large enough to allow even the largest molecules to 
pass through. The pH of the buffer is the same 
throughout the system and is adjusted so that the 
proteins of interest exhibit widely varying net charge. 
The movement of proteins through the gel pores depends 
on the ratio of charge to mass (charge density). The 
higher the charge density the faster the movement. 
Therefore, the proteins are separated into different 
b~nds which are identified by staining and developing 
the gel. 
The large pores of agarose extend the useful range 
of electrophoresis to include very large molecules, i.e. 
enzyme complexes. But, unfortunately, the resolution in 
this system is low for the same reasons as for cellulose 
acetate. 
Polyacrylamide electrophoresis 
Polyacrylamide gels are generated by the free 
radical polymerization of acrylamide monomer 
(CH 2=CH-CO-NH 2 ) and the cross linking comonomer 
N,NLmethylene-bis-acrylamide 
2.1. 5 
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(CH 2=CH-CO-NH-CH 2-NH-CO-CH=CH 2). The po~ymerization 
reaction is initiated by a catalyst redox system which 
furnishes free radicals. The most commonly used 
catalyst-initiator system utilizes'as the catalyst, the 
tertiary amine, N,N,N~NLtetramethylethylenediamine, and 
as the initiator, ammonium persulphate, which generates 
oxygen free radicals. variations in the concentrations 
of monomer, cross-linking comonomer and in the degree of 
polymerization (chain length) leads to polyacrylamide 
gels with different pore sizes (Bio-rad Laboratories, 
1980) • 
The gel pores used in polyacrylamide 
electrophoresis, as in starch electrophoresis, are small 
enough to slow down the larger protein molecules so that 
charge density separation is modified by a sieving 
effect. This sieving effect not only slows down the 
separation but also increases the resolution of proteins 
with similar ~harge densities, resulting in sharper 
bands. 
In contrast to the situation with starch gels, 
polyacrylamide gel pore size is entirely dependent on 
the concentration of polyacrylamide. Therefore, gels 
may be synthesized with a high degree of reproducibility 
and the extent of porosity can be varied within wide 
limits to enhance the separation of molecules of similar 
charge but different size and shape (Braithwaite and 
Smith, 1985). 
Gradient electrophoresis 
In gradient electrophoresis a polyacrylamide gel 
with pores that become smaller in diameter along the 
length of the gel is used and proteins are separated by 
size .rather than by charge. The gradient of pore size 
2.1.6 
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results from different concentrations of polyacrylamide. 
The more concentrated polyacrylamide the smaller the 
diameter of the pores. Gels can be prepared with 
polyacrylamide ranging from about 3% to almost 30% 
(Pharmacia Biotechnology, 1985). 
When the protein molecules start moving the speed 
is determined by charge. But as the pore size 
decreases, the larger protein molecules are immobilized 
while the smaller particles pass through. Therefore, 
smaller molecules, even if they are weakly charged and 
move slowly, have a chance to migrate further than the 
larger ones, until they reach a pore size at which they 
can no longer squeeze through. 
Gradient electrophoresis is one of the highest 
resolution methods of protein separation and the bands 
are extremely sharp. A gel covering the range of 4% to 
30% polyacrylamide has a useful working molecular weight 
range of 50,000 to 2 million (Pharmacia Biotechnology, 
1985). Taking into consideration that the water-soluble 
proteins of fish muscle have a range of molecular 
weights between 20,000 and 60,000, it is apparent why 
this technique has not found application for fish 
species identification. 
Sodium dodecy1 sulphate electrophoresis 
When proteins are solubilized with sodium dodecyl 
sulphate (SOS), a detergent which has the property of 
giving each polypeptide a constant charge per unit mass 
(Pharmacia Biotechnology, 1985), they are separated 
according to size only. The sodium dodecyl sulphate 
binds to the protein molecules shaping them into rods 
and giving them its own negative charge. When the 
molecules, which are now equal in charge density, are 
2.1.7 
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subjected to polyacrylamide gel electrophoresis they are 
separated according to size as a result of the sieving 
effect of the gel. 
The method is used frequently for molecular weight 
de terminations because the migration rate in sodium 
dodecyl sulphate electrophoresis, correlates quite 
accurately with molecular weight (Shapiro and Maizel, 
1969, Weber and Osborn, 1969, Porzio and Pearson, 
1977). 
Sodium dodecyl sulphate is an anionic detergent 
which is known to disrupt only non-covalent bands. 
Therefore, the technique is also used extensively for 
the study of protein changes during frozen storage of 
fish (Laird and Mackie, 1984; Rehbein, 1985a). 
Isoelectric focusing 
The isoelectric focusing technique is based on the 
fact that proteins have different pH values at which the 
number of positive charges is equal to the number of 
negative charges, i.e. the so-called isoelectric point 
(pI). At the isoelectric point the protein is 
electrically neutral and hence does not migrate in an 
electric field. 
The pH gradient in the support medium is generated 
by a mixture of carrier ampholytes that, being much 
smaller than protein molecules, migrate faster and align 
themselves in order of isoelectric points under the 
influence of an electric current. The ampholytes are 
then able to maintain a local pH corresponding to their 
isoelectric points by virtue of their strong buffering 
capacity. Thereforei the gel between the two electrodes 
has a stable pH gradient, extending from a low pH at the 
anode to a high pH at the cathode. 
2.1. 8 
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Since the net charge of a protein is governed by 
the pH of its surroundin~ a protein placed at any 
position in the pH gradient will acquire a positive or 
negative charge and will migrate towards the electrode 
of opposite charge until it reaches its pI, when it is 
immobilized. At pH values above the pI, the protein 
will exhibit a net negative charge and will migrate 
towards the positive electrode (anode). At pH values 
lower than the pI of the protein, the opposite occurs 
and the net positive charge of the protein produces 
movement toward the negative electrode (cathode). The 
change in net charge of an amino acid or protein over a 
wide range of pH values is possible because of the 
amphoteric nature of such compounds, as illustrated in 
Fig. 1 for a typical amino acid. 
Isoelectric focusing is a tremendously powerful 
method, and is capable of resolving proteins that differ 
in isoelectric points by as little as 0.01 pH unit 
(Catsimpoo1as,1980). It can be performed either on 
polyacrylamide gels or on agarose gels. Also, a 
suspension of Sephadex can be employed as a support 
medium. 
This technique is discussed in more detail below 
(Section 2.2) since it is the technique that was used in 
this investigation. 
Two dimensional electrophoresis 
In two dimensional electrophoresis, two 
electrophoretic techniques are applied in succession to 
separate protein mixtures. The first method is 
isoelectric focusing which separates the proteins 
according to their isoelectric points. The protein 
bands are then subjected to the second type of 
electrophoresis which usually is sodium dodecyl sulphate 
CATHODE-
OH 
10 
o 
" 
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pH gradient 
H N-CH-C-O-2 I 
R 
at high pH 
o 
+ " H N-CH-C-O 3 I 
R 
at pI 
ANODE + 
3 
at low pH 
Fig. 1: Amphoteric properties of amino acids 
2.2 
2.2.1 
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electrophoresis,' at right angle to the first direction. 
So the protein molecules are separated in the first 
direction according to isoelectric point and in the 
second direction according to size. 
This technique has found useful application in the 
separation of complicated mixtures of proteins. 
Separation of these mixtures can only be achieved with 
great difficulty by an ordinary one dimensional 
technique and the possible overlapping of the bands 
makes the interpretation\of the results difficult 
(Bio-rad Laboratories, 1980). 
ISOELECTRIC FOCUSING PROCEDURE 
Comparison of agarose and polyacrylamide as support 
media 
Polyacrylamide gels are extensively used for 
isoelectric rocusing. They have the advantage of 
possessing a very low number of charged groups, which 
means that high field strengths can be used without 
damaging effects (300 volts per centimetre). This gives 
rise to high resolution and faster run times. 
There are three main drawbacks to the use of 
acrylamide. Firstly, acrylamide is neurotoxic in its 
monomeric form. When in solution acrylamide can be 
absorbed through the skin, and therefore gloves should 
be worn at all times. Acrylamide can also be inhaled as 
a vapour, and therefore, the solid material should only 
be handled in a fume cupboard. This disadvantage has 
been partially overcome by the use of commercially 
prepared polyacrylamide gels. But, although the 
polymerized material is non-toxic, polyacrylamide gels 
may contain low amounts of free acry1amide, and hence 
gels should be handled with some caution. 
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Secondly, polyacrylamide pores are not large enough 
to permit high molecular weight proteins to enter into 
the gel and to be electrophoretically separated. In 
isoelectric focusing the most commonly used gels are 
suitable for focusing molecules up to about 500,000 in 
molecular weight (Pharmacia Fine Chemicals, 1982). This 
means that for fish species identification there is no 
problem when raw fish is under test, but "when fish 
muscle proteins have been denatured during processing 
and storage, they aggregate to give rise to high 
molecular weight proteins which may not enter into the 
gel. Laird and Mackie (1985) have found that, during 
frozen storage of cod flesh, new protein materials are 
formed at the exclusion limit of the polyacrylamide gel. 
The third difficulty is of a technical nature in 
that polymerization can be unpredictable and anyway, it 
is a laborious process which demands great operator 
skill. The polymerization reaction is ~he same as in 
the conventional polyacrylamide electrophoresis with 
only one difference, the addition of a base such as 
N,N,N~NLtetramethylethylenediamine (TEMED) is 
unnecessary because the ampholyte itself possesses the 
necessary tertiary amino groups to accelerate the 
reaction. It is important to ensure that the degree of 
polymerization approaches 100% since acrylamide can 
react with free amino groups rapidly at lOoC, the 
temperature frequently used in isoelectric focusing. A 
soft, sticky, poorly polymerized gel tends to give rise 
to poor quality results, and results that are 
artefactual. The use of commercially prepared gels has 
overcome the difficulty but they are very expensive 
(Pharmacia Fine Chemicals, 1982). 
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Polyacrylamide has of course been used very 
extensively and successfully for a long time now and has 
stood the test of time. Thus, provided rigid well 
polymerized gels are used, no problems are likely to be 
encountered. 
The potential advantages of agarose have prompted 
experimental scientists to investigate it as a medium 
for isoelectric focusing. Agarose is non-toxic and has-
a relatively large pore size making it suitable for the 
focusing of large molecules. Also, the gel is easy to 
prepare, it is optically clear for scanning purposes and 
it is chemically inert. Agarose does not seem to 
interact with sample molecules, in contrast to 
polyacrylamide which affects enzyme activity, 
interferon, poliovirus and insulin, probably by 
interaction with residues of the persulfate catalyst 
system (Quast, 1971). 
hgarose fulfils virtually all the basic require-
ments of a good support medium. However, early attempts 
using ordinary agarose were limited by the residual 
charges in the agarose matrix giving rise to severe 
electroosmosis effects caused by interaction of the high 
field strengths and low conductivities experienced in 
electrofocusing. During an experimental run this effect 
leads to solvent drift (electroosmotic flow) to one of 
the electrodes, commonly the cathode. This results in 
areas of flooding and drying, causing severe disruption 
of pH gradient (gradient drift) and mechanical stability 
of the gel (Hamilton, 1982). 
It has been shown, however, that by blocking the 
few charged groups, followed by simple selection of the 
charge-free agarose, it is possible to overcome the 
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problem of high electroosmotic flow and to establish the 
stable pH gradient required for isoelectric focusing 
, (Rosen et al., 1979). 
Eventually, an agarose suitable for isoelectric 
focusing was developed and under the commercial name 
"Agarose IEF" is available from any chemical supply 
house. Agarose IEF is a highly pure agarose that is 
charge balanced by the introduction of stable positively 
charged compounds. It offers all the advantages of 
agarose as a support medium whilst effectively 
overcoming problems of gradient drift (Pharmacia 
Biotechnology, 1985). 
These advantages are as follows: 
a. Fast, simple and reliable gel preparation. 
b. Poses no health hazard to workers. 
c. Chemically unreactive. Does not contain reactive 
free-radicals or catalysts. 
d. Large molecules can move without restriction in the 
gel. 
e. Minimal gradient drift. 
f. Very rapid staining and destaining. 
g. Transparent dried gel suitable for densitometry and 
as permanent record. 
h. Relatively inexpensive. 
Nevertheless, Agarose IEF demonstrates a variable 
diffusion and broadening of the protein bands. 
Therefore, accurate quantification of a complex mixture 
of proteins is sometimes difficult (B~rresen et al., 
1985) • 
2.2.2 
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Isoelectric focusing on agarose gel 
Isoelectric focusing on agarose gel involves four 
stages: 
1. Preparation of agarose gels 
The following is the standard procedure for 
preparing agarose gels: 
Agarose IEF with sorbitol and distilled water is 
heated to about 90 0 C till all the Agarose IEF has 
dissolved. The mixture is allowed to cool to around 
75 0 C, the carrier ampholytes are added, and the solution 
is poured into the mould on the hydrophilic surface of a 
polyester sheet (GelBond). Once the gel has set (within 
a few minutes) the frame is removed and the gel is 
allowed to harden fully before use (1 hour at 40 C or 
alternatively overnight at room temperature). 
Sorbitol is a low molecular weight non-ionic 
compound which is used to minimize electroosmotic 
effects, to increase the osmolality in the gel and to 
reduce the "furrowed" appearance on the gel surface. 
The choice for carrier ampholytes is important. 
There are a number of features that must be considered 
(Pharmacia Fine Chemicals, 1982: Rible,1976). 
a. Buffering capacity All carrier ampholytes must have 
a high buffering capacity at their isoelectric 
points. This means that they must be able to dictate 
the pH characteristic of a gradient even in the 
presence of high concentrations of samples, i.e. 
proteins, which are themselves ampholytes. It is 
also important that the buffering capacity be even 
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across the whole pH gradient, otherwise regions with 
a low buffering capacity will adversely affect 
gradient stability and poor resolution will be 
obtained in these areas. 
b. Conductivity It is extremely important that the 
conductivity across the pH gradient generated by a 
mixture of carrier ampholytes is relatively low, and 
as even as possible. If a particular ampholyte 
possesses an exceptionally low conductivity at one 
point, then a very high potential differerice will 
exist across this part of the gel. This situation 
gives rise to two adverse ~roperties. Firstly, the 
temperature of the gel increases considerably at this 
point and "hot-spots" will be formed. Therefore, the 
proteins could become heat denatured and isoelectric 
point measurements will not be accurate. Secondly, a 
high field strength will exist in this area and the 
remainder of the gel will have a relatively low field 
strength, and this results in lower resolution. 
c. Molecular weight Carrier ampholytes should have 
molecular weights between 300 and 1,000. Species 
with molecular weights lower than 300 tend to have 
low buffering capacity while those of high molecular 
weight may be difficult to remove from the protein 
after focusing. However, the potential resolving 
power does increase with increasing molecular weight. 
d. Number of carrier ampholytes The higher the number 
of individual ampholytes present, the smoother will 
be the resulting pH gradient, whilst the buffering 
capacity and conductivity profiles will be more even. 
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•• Absorption at 280 nm Low and even UV absorption is· 
essential for the easy estimation of proteins if gels 
are to be scanned. 
f. No interaction with sample components 
g. No chelation of metal ions 
h. Non-toxic and non-carcinogenic 
2. Preparation of fish extracts 
The raw fish muscle water-soluble protein 
(sarcoplasmic) extracts may be prepared by blending 1 
part fish with 1 or 2 parts distilled water chilled at 
40 C and centrifuging the homogenate at 1,500 rpm for 15 
minutes at 40 C or filtering through Whatman No. 1 paper 
at 4oC. Alternatively, small pieces of muscle tissue 
may be centrifuged at 10,000 rpm for 10 minutes to 
obtain a centrifuged tissue fluid (CTF). Also, the 
centrifuged thaw drip from previously frozen fish may be 
used. Using agarose isoelectric focusing, a new 
technique called direct tissue isoelectric focusing 
(DTIEF) becomes possible. A small piece of tissue is 
placed directly in contact with the gel using a foil 
containing small slits to limit the area of contact 
(Lundstrom, 1981a). 
The extraction of soluble proteins from processed 
fish is much more complicated and very dependent on the 
degree of fish muscle protein denaturation. Therefore, 
reagents such as 6 M urea, fi-mercaptoethanol and 
cyanogen bromide are employed to split polypeptide chains 
and to release water-soluble protein fragments (see 
Section 2.3.3). 
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3. Isoelectric focusing procedure 
The agarose gel is placed on. the cooling platform 
of the equipment, over a thin layer of water. the 
sample application mask is put on gel surface near 
cathode end of the gel. Small ?i:Obr..usions from each slit 
must face the gel, this facilitates entry of the sample 
into the agarose gel and keeps adjacent samples from 
running together. Small amounts of sample (3-5 ~l) are 
pipetted into the slits. After sample application, the 
electrode strips are saturated with the proper electrode 
solutions. Before the strips are placed on the gel 
surface they must be completely dry. Finally, the 
coolant water is turned on, the electrode leads are 
connected to the power supply and the experiment is run 
under constant power and for a fixed number of volthours 
measured by a volthour integrator. The sample 
application foil is removed after 45 minutes. 
During an isoelectric focusing experimental run, 
the electrical conductivity of the gel changes with 
time, particularly during the early phase of the 
experiment. This is because the charge on the 
individual carrier ampholytes decreases as the pH 
gradient is generated. But the optimum efficiency of an 
electrophoretic separation is achieved only if the 
optimum voltage is applied throughout the experiment. 
However, this voltage cannot be applied early in the 
experiment, for in accordance with Ohm's Law (V=! x R), 
the current passed through the gel would be very high. 
Hence the heat involved (P=! x V) would be excessive for 
the system. Alternatively, constant current would lead 
to excessive experimental times compounded by a low 
final voltage. The solution is to use constant power. 
The power supply automatically increases the voltage as 
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the current decreases and so keeps the power input at a 
preset fixed level. 
The extent of focusing is defined and quoted in 
volthours since electrophoretic mobility is directly 
proportional to the magnitude and duration of the 
applied field strength. As stated previously, during an 
isoelectric focusing experiment, the voltage gradually 
increases and the current decreases as the resistance in 
the gel changes. However, since the resistance in the 
gel is dependent on a number of variables, the rate of 
change of voltage (and hence the number of volthours 
applied) will vary between experiments and is difficult 
to measure in a consistent manner. The volthour 
integrator makes their measurement easy. It integrates 
volts with respect to time and monitors elapsed 
volthours (Pharmacia Fine Chemicals, 1982). ) 
4. Staining and developing the gels 
After isoelectric focusing procedure, the gel is 
immediately immersed into the fixing solution to avoid 
any diffusion'of the bands. Then, it is washed out to 
remove the carrier ampholytes and dried before staining. 
Three layers of filter paper are placed carefully on the 
top of the gel, followed by a glass plate and a weight 
of about 1 kg. Filter papers are removed as they become 
saturated and replaced with dry papers to speed 
dehydration. Finally, the gel is fully dried with a 
hair dryer. After staining for 5-10 minutes in the 
staining solution, the gel is destained in the 
appropriate destaining solution, until the background is 
clear, and dried again with a hair dryer. 
2.3 
2.3.1 
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FISH SPECIES IDENTIFICATION BY ISOELECTRIC FOCUSING 
Protein denaturation in relation to fish species 
identification 
The degree to which protein denaturation has. 
occurred in a fish sample is crucial in determining the 
pattern of bands obtained in electrophoretic separation 
in general and in isoelectric focusing in particular. 
An understanding of protein denaturation in fish muscle 
requires a knowledge of fish muscle structure and of the 
proteins present in fish muscle. 
2.3.1.1 Structure of fish muscle 
The physical structure of striated muscle is 
closely similar throughout the animal kingdom. The 
striated muscle cell, which is referred to as a "fibre", 
consists of formed protein elements, the myofibrils, 
between which is a solution, the sarcoplasm, and a fine 
network of tubules, the sarcoplasmic reticulum. Muscle 
fibres also contain organelles such as mitochondria and 
nuclei. The fibres are bound by a very thin membrane, 
the sarcolemma, to which connective tissue, the 
endomysium, is attached on the outside to form the flesh 
blocks, the myotomes, which are kept together by more 
connective tissue, the myocommata (Lawrie, 1979). 
In Fig. 2, the muscle below the skin of a typical 
white fish is shown and reveals the connective tissue 
structure in relation to the muscle. The muscle fibre 
length corresponds to the width of the myotomes. F\sh 
muscle fibres are, therefore, shorter than mammalian 
fibres which can run from one end of a muscle to the 
other. 
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In Fig. 3, the ultrastructure of a muscle fibre is 
shown. The myofibrils are seen to consist of large 
numbers of filaments of the contractile proteins, actin 
and myosin. 
Considering the muscle as a whole, there are 
relatively small amounts of connective tissue between 
cells (endomysium) and relatively few capiilaries 
compared with mammalian muscle (Connell, 1964). 
2.3.1.2 Proteins of fish muscle 
The proteins of fish muscle. (15-24% of total 
weight) are similar to those present in other 
vertebrates, but some differences do exist in relative 
amounts and in the properties of the proteins 
(Matsumoto, 1980). 
Muscle proteins can be classified according to 
their solubility, as follows (Connell, 1962): 
Sarcoplasmic proteins - soluble in water or dilute 
salt solutions, mainly located in the sarcoplasm 
(muscle plasma). 
Myofibrillar proteins - soluble in high ionic 
strength salt solutions, mainly located in 
myofibrils. 
Stroma proteins - insoluble proteins, mainly 
located in the connective tissue. 
The sarcoplasmic proteins contribute about 17-25% 
to the total muscle protein and are known to represent a 
complex mixture of more than 50 major components, many 
of which are enzymes of the glycolytic cycle. They 
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differ in various parameters including their relative 
susceptibility to denaturation. The amounts of the 
coloured sarcoplasmic proteins, myoglobin and cytochrome 
c, vary widely between fish species, but in the bulk of 
the fish musculature the concentration of these proteins 
is never as high as in meat (Connell, 1964). 
The myofibrillar proteins, which contribute about 
70-80% to the total muscle protein, can be separated, 
according to their solubilities in salt solutions, into: 
myosin (thick filament), actin (thin filament), 
, 
tropomyosin, troponins, etc. They are involved in the 
contraction and relaxation of striated muscle, i.e. 
contractile proteins. 
Stroma proteins include: collagen (myocommata and 
endomysium) and elastin (cell membranes). In amount 
they are almost always less than in meat, varying from 
about 3% in gadoids to about 10% in elasmobranchs 
(Matsumoto,1979). 
2.3.1.3 Denaturation of fish muscle proteins during processing 
and storage 
From the point of view of electrophoresis, the 
degree of protein denaturation is of gr.at importance, 
since denaturation results in decreased protein 
extractability and partial or total loss of conformation 
(de-conformation) (Lewin, 1974), both of which affect 
electrophoretic patterns. 
As far as fish species identification is concerned, 
the water-soluble sarcoplasmic proteins are normally 
used. However, myofibrillar proteins are sometimes used 
with raw fish (Toom et al., 1982) and for processed fish 
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both the sarcoplasmic and myofibrillar fractions are 
used, hence protein denaturation in both fractions will 
be reviewed. 
Denaturation may be defined as "a substantial 
change in the properties of protein following treatment 
too mild to break peptide bonds". Changes in properties 
include: an increase in the reactivity of various 
chemical groups, a loss of biological activity (in those 
proteins which are enzymes or hormones), a decrease in 
solubility, a change in molecular shape (Lawrie, 1979) 
and a shift of isoelectric point (Sikorski et al., 
1976). 
According to a recent and more comprehensive 
definition, denaturation is "any process that alters or 
destroys secondary or tertiary structures in a 
biopolymer without breaking covalent linkages to carbon 
atoms" (Lewin, 1974). Intermolecular aggregations are 
not necessarily involved. They may, however, occur at 
the same time or subsequently (Partmann, 1977). 
There is experimental evidence to suggest that 
denaturation involves an unfolding of the molecular 
chain. Thus, soluble proteins will produce insoluble 
layers on water, and this can happen only if the balance 
of exposed hydrophilic (water attracting) and 
hydrophobic (water repelling) side groups has been 
changed (Taylor, 1981). 
Many workers have tried to explain the denaturation 
of myofibrillar proteins. Less have worked on the 
sarcoplasmic proteins, and even now very little can be 
explained. Research work needs to be carried out in 
both areas. 
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Protein denaturation is relatively unimportant in 
fresh iced fish. According to Suzuki (1981), no 
significant difference exists in the solubility of 
proteins in iced fish before or after rigor mortis, 
because they are affected only slightly by the 
post-mortem conditions. This solubility remains at a 
fairly constant level for 6-8 days in well~iced fish 
(Dyer, 1967). 
The different factors involved in fish preservation 
and processing not only influence the activity of 
proteolytic enzymes, but also bring about denaturation 
of the muscle proteins and their interaction with other 
compounds present originally in the flesh or added by 
the processor. These changes are in part desirable, for 
example the increase in digestibility or formation of 
the appealing colour and flavour of the foods, or else 
are undesirable as they are reflected in a decrease in 
extractability and solubility of proteins, loss in gel 
forming ability, water holding and fat emulsifying 
capacity and other functional properties (Sikorski, 
1980) . 
Freezing itself has a detrimental effect on 
proteins. Ice crystal formation, especially by slow 
freezing, causes changes in the proteins (Love, 1968). 
As ice forms and water molecules are removed from areas 
near the proteins, the protein molecules move closer 
together and the possibility of aggregation through 
intermolecular cross-bonding increases. At the same 
time, the concentration of mineral salt solution and 
soluble organic substances increase in the remaining 
un frozen phase in the cell. This increases in solute 
concentration, wi th cor responding changes in ioni'c 
strength and pR, causes dissociation and/or denaturation 
of proteins (M~tsomoto, 1979). 
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The effect of the inorganic salts is believed to be 
the result of their capacity to alter the water 
equilibria, form cross-linkage bridges between adjacent 
peptide chains, influence the activity of enzymes, 
catalyse lipid oxidation and interfere with the 
formation of lipid-protein complexes (Sikorski, 1977). 
According to the salt denaturation theory, the 
different behaviour of different species can be 
attributed to either differences in the intrinsic 
susceptibilities of the proteins to high concentrations 
of salts, or differences in the type or concentration of 
salt dissolved in the un frozen portion of the muscle 
(Connell,1968) •. 
Furthermore, under frozen storage myosin and 
actomyosin are aggregated and insolubilized because of 
the cross-linking of the molecules. In this cross-
bridge formation, ionic (electrostatic) bonds, hydrogen 
bonds, non-polar (hydrophobic) bonds and disulphide 
(-S-S-) bonds take part (Tsuchiya et al., 1980). 
Support for the largely non-covalent nature of 
bonds formed on frozen storage rests on the high 
solubility of frozen stored flesh in sodium dodecyl 
sulphate, an anionic detergent which is known to disrupt 
non-covalent bands only (Laird and Mackie, 1984). 
However, evidence now accumulating suggests that the 
process is more complex and that one or several types of 
covalent bonds are also likely to be formed as for 
example, disulphide bonds, methylenic cross-linking 
formed by reaction of primary amino groups with 
formaldehyde, or bonds formed by reaction of proteins 
with fatty acids and lipid oxidation products (Laird and 
Mackie, 1985). 
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In fish products a large part in the denaturation 
and secondary changes in protein is played by lipids and 
their oxidation products. Sikorski et al. (1976) 
emphasized that free fatty acids bind to polypeptide 
side chains with formation of intermolecular 
hydrophobic-hydrophilic or hydrophobic-ionic linkages. 
Jarenback and Liljemark (1975) have shown the 
effectiveness of fatty acid peroxides in decreasing the 
extractability of cod myofibrils is several times higher 
than that of corresponding fatty acids. 
Great differences have been found in protein 
stability between lean and semi-fatty fish, such as blue 
whiting (Micromesistius poutassou) and. horse mackerel 
(Trachurus trachurus) respectively. These differences 
can be attributed to the protective effect of neutral 
lipids in response to the insolubilizing action of free 
fatty acids on the proteins. Semi-fatty fish contain 
these neutral lipids in sufficient concentration and 
adequately distributed so that they can counteract the 
action of free fatty acids (Colmenero and Borderias, 
1983) • 
Ranson and alley (1965) concluded that fish may be 
divided into three classes according to their protein 
stability in relation to lipid effect. 
(a) Lean fish, in which the protein denatures rapidly 
and substantially during cold storage. 
(b) Slightly fatty fish, in which the protein denatures 
slowly and incompletely. 
(c) Fatty fish, in which the protein denatures rapidly 
and substantially. 
One might imagine class (a) as having no neutral 
lipid to counteract the influence of fatty acids on 
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protein, class (b) with enough neutral 
this effect, and class (c) 
lipid available 
wi th lipid (say to mitigate 
in globules 
effect. 
or depots) not available to mitigate this 
For some years, a causative relation between 
formaldehyde produced from the enzymatic decomposition 
of trimethylamine oxide in certain fish species (gadoid 
fish) and protein denaturation has been postulated. 
These claims received some support from a study 
which demonstrated that the direct addition of small 
amount of formaldehyde will bring about marked decrease 
in the extractable protein content of cod muscle 
(Castell et al., 1973). It has also been shown that 
when formaldehyde reaches these same levels, in vivo, 
there is a similar reduction in the extractable 
proteins. 
Connell (l975j doubts the role of formaldehyde as 
essential in protein alterations of certain fish species 
during frozen storage. His argument is based on the 
assumption that formaldehyde forms mainly covalent 
methylene crosslinks with proteins under certain 
conditions. In this case the formed aggregates should 
be insoluble in hydrogen bond breaking solvents like 
sodium dodecyl sulphate. But the author showed that the 
proteins in cod muscle are not extensively covalently 
cross linked even after prolonged storage because they 
are still soluble in sodium dodecyl sulphate. He 
admits, however, that there may be other ways of 
irreversible reactions between formaldehyde and proteins 
during frozen storage, not necessarily leading to the 
formation of covalent crosslinks. 
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It has also been proposed that the effect of 
formaldehyde could result from its ability to enhance 
the action of free fatty acids (ehilds, 1974). 
Until some years ago, it was generally held that 
frozen storage deterioration of proteins affected only 
the myofibrillar proteins; th~ sarcoplasmic and 
connective tissue proteins were not altered (Hobbs, 
1982). However recent evidence indicates that the 
enzymes of the sarcoplasmic fluid also undergo 
denaturation during frozen storage. 
B0rresen et al. (1985), using isoelectric focusing 
as a tool for studying changes in the sarcoplasmic 
protein fraction after frozen storage of fish, suggested 
that changes in the electropherograms result not 6nly 
from denaturation of sarcoplasmic proteins after 
prolonged storage, but also from new protein materials 
being formed, possibly by aggregation of small parts of 
proteins with different isoelectric points or by 
hydrolytic cleavage of larger parts of proteins. 
Rehbein (1985a) showed that formaldehyde added to 
minced fish muscle reacts with myofibrillar and 
sarcoplasmic proteins and particularly with the basic 
ones. However, he admits that such reactions may not 
occur so readily with the formaldehyde naturally present 
in the fish muscle from the enzymic breakdown of 
trimethylamine oxide. 
There is no satisfactory explanation for the 
accelerated protein denaturation changes in comminuted 
flesh, particularly that contaminated with tissue of 
visceral organs. In minced fish, the possibility of 
localized heating during extrusion from the deboning 
machines and the opportunity for enzymes to react with 
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substrates is greater. It has been shown that the 
extractability of the proteins of frame minces during 
storage un frozen at oOe and frozen stored at -150 e, 
after only four days, is greatly decreased. Also, 
incomplete solution was obtained under conditions 
normally used for solution of proteins such as heating 
at 1000e for 10 minutes or homogenization with an Ultra-
Turrax colloid mill, followed by storage overnight at 
room temperature (Laird et al., 1980). 
Fortunately, the sarcoplasmic fraction of fish 
muscle is relatively resistant to degradation by the 
digestive enzymes. This is apparently due to the 
presence of enzyme inhibitors. Sarcoplasmic extract 
inhibits the enzymatic' degradation of haemoglobin and 
myofibrillar fraction. This protective action of the 
sarcoplasmic components on the enzymatic degradation of 
the myofibrils may explain the relatively slow 
, 
degradation of minced muscle by the digestive enzymes at 
alkaline pH (Hjelmeland and Raa, 1980). 
It has been shown that an increase of temperature 
causes increased precipitation of sarcoplasmic proteins 
at all pH values studied. Even after heating at 60 0e 
for 10 hours a proportion of the sarcoplasmic proteins 
are still soluble and will separate electrophoretically, 
but after 2 hours at 80oealmost all sarcoplasmic 
proteins except myoglobin have become insoluble (Lawrie, 
1979) • 
Poulter et al. (1985) showed that 85-90% of the 
fish muscle protein becomes inextractable at 
temperatures below 450 e. However, he notes that 
sarcoplasmic proteins are much more heat resistant than 
myofibrillar. The same authocsnoticed great differences 
between fish species. 
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When proteins are subjected to prolonged heating, 
and particularly to the high temperatures and pressures 
of canning, further covalent bonds are formed. The 
chemistry of the process is not clear but there is 
evidence for the formation of disulphide bonds (Mackie, 
1980) . 
Deteriorative changes occurring during smoking and 
storage of smoked fish have not been elucidated. They 
appear to be similar to those of unsmoked materials 
(Jones, 1963), but will depend on the intensity of the 
smoking treatment. 
Dehydration processes vary widely, ranging from 
sun-drying to the accelerated freeze-drying of non-fatty 
species and the solvent-extraction procedures used 
successfully for the production of fish flours. The 
diversity of starting materials and methods can 
predispose products to different types of storage 
change. The mechanism of protein denaturation caused by 
drying, can be considered the same as the mechanism of 
freeze denaturation because water molecules in the cell 
are removed. However, the occurrence of denaturation by 
drying is considered to be more drastic than freeze 
denaturation (Suzuki, 1981). Also, autoxidative 
rancidity reactions are almost always present (Hanson 
and Norminton, 1985). Autoxidative rancidity reactions 
often result in heat production. This overheating 
effect can damage the muscle protein (Jones, 1963) and 
as a result reduce the protein extractability and 
solubility. 
In conclusion, it can be stated that freezing, 
heating, infusion of salt solutions and dehydration all 
affect the functional properties of proteins. In fact, 
fish proteins are much more unstable and undergo 
2.3.2 
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denaturation more easily than mammalian proteins 
(Connell, 1960). 
In practice, protein denaturation in fish muscle is 
particularly manifested by a decrease in extractability, 
mainly of the myofibrillar fraction, due to the 
formation of the aggregate structures. However, factors 
other than protein denaturation are involved in 
determining fish muscle protein extractability and 
solubility. 
Connell (1964) pointed out that two main factors 
govern the removal of protein from muscle into a 
solvent: the intrinsic solubility of the protein in the 
solvent and the ability. of the solubilized protein to 
-diffuse out of the muscle into the extract. Both can be 
affected by biological factors. Ironside and Love 
(1958) showed that the solubility of cod muscle protein 
depends on the sampling position, and on the size and 
physiological stage of the fish. Also, Castell and 
Bishop (1973) found that there was a slight decrease in 
salt-extractable proteins from cod during the spawning 
period (March, April and May). 
Other factors affecting fish species identification 
In the previous section, it was pointed out that 
denaturation of protein during processing and storage of 
fish does not only decrease their extractability and 
solubility in water and salt solutions, but also alters 
other properties such as pI. It affects, therefore, the 
electrophoretic patterns of the fish and poses major 
difficulties in identification. In addition, various 
other factors also pose problems in fish species 
identification. Some of these will now be discussed. 
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2.3.2.1 Closely related fish species 
It" is generally found that the differences between 
electrophoretic patterns decrease the closer the 
relationship between species (Tsuyuki et al., 1965b). 
Polyacrylamide gel electrophoresis, which is by far the 
best of the conventional electrophoretic techniques, can 
differentiate some very closely related commercially 
important fish species, such as Merluccius species 
(Jones and Mackie, 19701 Mackie and Jones, 1978) and 
Gadus species (Mackie and Ritchie, 1981). However, Chu 
(1968), using polyacrylamide gel electrophoresis, could 
not differentiate several members of the Sebastes group 
(referred to by the author as rockfish) which is 
unfortunate since conventional morphological techniques 
are difficult for these fish species. 
In an attempt to clarify the species distinctions, 
Tsuyuki et al. (1968), using starch electrophoresis, 
compared sarcoplasmic proteins and haemoglobin patterns 
of 26 Sebastes (referred to by the authors as 
Sebastodes) and 2 Sebastolobus species. They were able 
to divide the Sebastes into four groups, each of which 
had a distinctive pattern type. The haemoglobin 
patterns were more specific, which allowed the Sebastes 
to be further subdivided. 
It was hoped that the greater resolution of 
isoelectric focusing would allow classification of the 
Sebastes species. Lundstrom (1983a), using isoelectric 
focusing on polyacrylamide and agarose gels, was able to 
differentiate two, widow rockfish (Sebastes entomelas) 
and chilipepper rockfish (S. goodei) each of which had a 
unique pattern. But identical patterns were obtained 
for pacific ocean perch (S. alutus), boccaccio rockfish 
(S. paucispinis) and yelloweye rockfish (S. ruberrimus). 
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A second group, comprising silvergray rockfish 
(S. brevispinis), yellowtail rockfish (S. flavidus), 
black rockfish (S. melanops) and canary rock fish 
(S. pinniger) also had identical protein patterns. 
Rehbein and Oehlenschlager (19B3), suggested that 
Sebastes marinus and Sebastes mentella, which have very 
similar morphological characteristics, must be two types 
of one fish species because they show absolutely 
identical isoelectric focusing patterns and identical 
chemical composition. They are differentiable only by 
their trimethylamine oxide contents, which, however, 
vary according to the different depths at which the fish 
are caught. Therefore, the actual taxonomic 
relationship of these species is not clear and further 
work with isoelectric focusing may help in this regard. 
Users of isoelectric focusing and polyacrylamide 
electrophoresis for identification purposes should be 
aware of this problem when working with the Sebastes and 
possibly other groups of fish. 
2.3.2.2 Polymorphism 
, 
Isoelectric focusing resolves many more bands than 
do other electrophoretic methods and is usually able to 
differentiate even some closely related species, as 
discussed above. This is often an asset, but the 
resolution is so great that differences among 
individuals of the same species may become apparent and 
the interpretation of the results is sometimes 
complicated by protein polymorphism. In other words, 
fish from different stocks of the same species may 
exhibit slightly different~ electropherograms·, Le. show 
genetic variation, as found by Mackie (19BO) for herring 
(Clupea harengus). 
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Lundstrom (198lb) found monkfish (Lophius 
americanus) sarcoplasmic protein patterns polymorphic 
when separated by isoelectric focusing. Monkfish 
water-soluble proteins separated on pH 3.5-9.5 
polyacrylamide plates or on 2.5-9.0 agarose gels yielded 
similar patterns with three distinct variations. Using 
a higher resolution pH 3.5-5.0 agarose gel, ten 
different variant patterns were detected in a sample of 
twenty-four individual monkfish. 
Besides monkfish, polymorphism has been found in 
the following species: 1. cod (Gadus morhua) by Gjerde 
(1982); 2. black seabream (Acanthopagrus schlegeli) by 
Taniguchi et al. (1982); 3. black cow tongue 
(Rinoplagusia japonica), 4. black sea bream (Mylio 
macrocephalus), 5. gizzard shad (Konosirus punctatus), 
6. frigate mackerel (Auxis tapeinosoma), 7. carp 
(Cyprinus carpio), and 8. tilapia (Tilapia nilotica) by 
Yamada and Suzuki (1982). Yamada and Suzuki (1983) have 
also found polymorphic patterns in shellfish. 
Polymorphic protein patterns do not prevent 
accurate identifications by isoelectric focusing 
provided the analyst is aware of the extent of variation 
to be expected within the species being examined. 
2.3.2.3 Light and dark muscle 
The function and metabolism of light and dark 
muscle of fish are very different. White muscle is able 
to function over only short periods of time with energy 
mainly from glycogen metabolism, whereas dark muscle is 
able to function continuously over long periods with 
energy from oxidative process mainly from lipid 
metabolism (Love, 1980). 
2.3.3 
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It has to be expected that the differences in 
metabolism of both types of muscle will lead to 
different isoelectric patterns of the sarcoplasmic 
proteins. The'extent of these differences depends on 
the fish species, but the patterns whether from light or 
dark muscle are specific for each fish species (Rehbein 
and Kundiger, 1984). 
Light muscle alone is most frequently employed for 
fish species identification. A mixture of light and 
dark muscle is not normally used in order to avoid 
quantitative variations in the proportions of these two 
muscles in a sample. However, this is unavoidable for 
minced fish products. The dark muscle is not normally 
used alone because it is sometimes difficult to dissect 
samples of dark muscle without light muscle 
contamination and it contains high amounts of 
metmyoglobins which show polymorphism due to different 
stages of oxidation (Fe 2+/Fe 3+) (Rehbein and Kundinger, 
The use of dark muscle may, however, be of value 
for closely related fish species. carpen~ et al., 
(1983), when comparing the isoelectric focusing patterns 
of Liza ramada and Chelon labrosus (Mugilidae), found 
that the differences between the species were more 
distinct in the red than the white muscle. In this case 
species identification was possible by inspection of the 
unstained gels because of the strong species specific 
bands of myoglobin. 
Application of isoelectric focusing 
In practice, two major difficulties can occur in 
applying electrophoretic techniques: producing a 
soluble protein extract and obtaining distinctive 
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stained patterns against a clear background. The first 
problem is dependent on the nature of the fish muscle 
itself and the degree of processing and protein 
denaturation, whereas the second is connected with the 
electrophoretic technique applied and also the degree of 
protein denaturation. 
The extraction of the soluble proteins from the 
iced unprocessed fish presents no difficulty, because 
they are affected only ~light1y by the post-mortem 
conditions. 
Difficulties exist with processed fish such as 
cooked, canned, hot-smoked, dried etc., because the 
muscle proteins have been seriously denatured. The 
problem arises to a lesser extent with frozen, minced 
and cold-smoked fish products. 
If the fish is cooked or dried the proteins become 
denatured and coaguLate to form precipitates, which can 
no longer be examined by the standard method. However, 
it has been demonstrated at the Torry Research Station 
that it is possible to extract protein fragments from 
cooked muscle with 6 M urea and that these fragments can 
be separated by electrophoresis into characteristic 
patterns, which are different from those of the 
sarcoplasmic proteins, but equally species specific 
(Mackie,196B). 
Urea is well known as an agent for splitting 
hydrogen and hydrophobic bonds in native proteins 
(McKenzie et al., 1963). Since such bonds are believed 
to form when proteins are denatured by heating, it is 
not suprising that fragments of these denatured proteins 
are extracted with strong urea solutions. 
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In 1969, Mackie extended the method to include 
smoked fish, and in 1972, modified the technique by 
using 6 M urea incorporated into the gels which led to a 
significant improvement in the patterns obtained. In 
some instances it has been found that smoked and cooked 
products do not give well defined zones and in these 
cases it is possibly due to more severe protein 
denaturation resulting from excessive heating and/or 
drying. 
When proteins are subjected to prolonged heating 
and particularly to the high temperatures and pressures 
of canning, further covalent bonds are formed. Attempts 
to extract proteins or protein fragmen~s from canned 
products with the usual solvents such as 6 M urea have 
not been successful. However, by allowing the fish 
flesh to react with an excess of cyanogen bromide (CNBr) 
in 70% formic acid (Mackieand Taylor, 1972), water-
soluble peptides are released by specific cleavage at 
each methionine residue in the proteins (Gross, 1966). 
Typical patterns have been obtained after 
isoelectric focusing of aqueous extracts of cyanogen 
bromide peptides of the most important canned species 
sold in the UK, i.e. bonito, mackerel etc. It is 
possible, therefore, that all species of fish will 
release cyanogen bromide fragments which will be as 
species specific as the water-soluble proteins of raw 
fish (Mackie, 1980). In the latter work, the author 
also employed p-mercaptoethanol (HS-CH 2-CH 2-OH), in 
order to break disulphide bonds between peptide chains 
and so increase the number of protein fragments (DeMan, 
1976) • 
For raw, frozen and cold-smoked fish the problem of 
background staining is insignificant and the extraction 
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of water soluble proteins is relatively easy. 
Electrophoretic techniques have been applied extensively 
and successfully on these fish products, all over the 
world. The electrophoretic patterns are obtained as 
distinctive protein bands against a very clear 
background (Lundstrom, 1979 and 1981a; Fuhrling and 
Gersonde, 1980; Kaiser et al., 1981a; Cantoni et al., 
1981; Mackie,1980; Durand and Landrein, 1984). 
Also polyacrylamide gel electrophoresis (Hume and 
Mackie, 1980) and isoelectric focusing on agarose gel 
(Kaiser et al., 1981b) or on polyacrylamide gel (B0e, 
1983) have been employed for the quantitative analysis 
of the species components of fish mince mixtures. 
Mork et al. (1983) used isoelectric focusing as a 
tool to identify pelagic fish eggs in Norwegian coastal 
waters and he was able to collect some valuable 
biological information about gadoid fish. Recently, 
Rehbein (1985b) used isoelectric focusing on 
polyacrylamide gels containing urea to produce specific 
and reproducible protein patterns for the three main 
categories of commercial caviare after defatting and 
desalting the samples. 
Isoelectric focusing has also been used 
successfully, for marinade fish products (Abrams et al., 
1984) and for mollusc intragenera and intraspecies 
identification (Secchi et al., 1982). But as the degree 
of processing increases the intensity of background 
staining obscures some of the protein bands to an extent 
which limits the application of conventional 
electrophoretic techniques, including polyacrylamide 
electrophoresis. However, isoelectric focusing because 
of its higher resolution and the clarity and thickness 
(ultrathin) of the polyacrylamide and agarose gels 
2.3.4 
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employed, has been used with cooked, canned and 
hot-smoked fish products with very good results (Hackie, 
1980; Krzynowek and Wiggin, 1979 and 1981; Wiggin and 
Krynowek, 1983). Nevertheless, isoelectric focusing 
failed when applied by Moodie et al. (1981) to the 
identification of fish species in canned pet food, even 
when the samples were defatted prior to cyanogen bromide 
treatment in order to improve clarity. 
For salted-dried fish products, not many works have 
been published. Kokuryo and Seki (1978), after 
defatting samples from dried fish sticks (fushi) prior 
to sodium dodecyl sulphate/ureal p-mercaptoethanol 
treatment, succeeded in obtaining low background 
staining and differentiating mackerel from skipjack. 
Analysis of electropherograms 
with all conventional electophoretic methods there 
is a need to run known species with unknown samples to 
obtain a reliable identification. This is because of 
variations in stabilizing media composition, separation 
time, applied voltage or current, and the analyst's 
skill. Collaborative studies of polyacrylamide 
electrophoresis (Thompson, 1967) and cellulose acetate 
electrophoresis (Learson, 1969 and 1970) showed that 
reproducibility of specific protein patterns 
(electropherograms) from analysis to analysis was a 
major problem. 
isoelectric focusing, by virtue of its equilibrium 
type separation, is much more reproducible and does not 
necessarily require the simultaneous analysis of an 
authentic sample. 
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2.3.4.1 Visual comparison with reference patterns 
The isoelectric focusing gels of polyacrylamide and 
agarose are relatively stable and can be used as 
reference records (reference library) by a laboratory 
for identification purposes. 
Lundstrom (1980), in a collaborative study, 
employed photographs of protein patterns from authentic 
species to identify unknown samples. The seven 
collaborators, using isolectric focusing on 
polyacrylamide gel with pH 3.5-9.5, identified, by 
comparison with the photograph provided, the eight 
unknown samples with 93% accuracy. All unknown species 
were correctly identified except for samples of monkfish 
(Lophius americanus). Monkfish was subsequently found 
to have a polymorphic protein pattern with three 
distinct variations (Lundstrom, 1981b), as discussed 
above in Section 2.3.2.2. 
Later, the same author repeated the collaborative 
study, using isoelectric focusing on agarose gel with pH 
2.5-9.0 (Lundstrom, 1983b). Fourteen collaborators were 
sent nineteen or twenty unknown samples and a photograph 
of protein patterns from eighteen authentic species. 
The collaborators identified the unknown samples with 
84% accuracy. The relative inaccuracy of the method was 
attributed mainly to differences in the dye used 
(Coomassie Blue R-250) when obtained from different 
manufacturers. 
Rehbein (1983) proposed the use of photocopies on 
transparencies as reference patterns. 
Abrams et al. (1983) proposed the construction of 
schematic isoelectric focusing patterns which could be 
applied as standards for determination of unknown fish 
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samples. A two-colour system (red and black) was chosen 
in order to simplify the scheme. The location of broad 
bands is represented by vertical lines proportional to 
the thickness of the protein bands. Thin bands are 
represented by points. All black lines and points are 
always present in the isoelectric focusing patterns of a 
fish species. On the contrary all red points and lines 
are variable bands: they may be present or absent in 
certain extracts of a particular fish species. Points 
or lines from the bands that have a dense colour are 
extended to the left with a horizontal line or a dotted 
line if this strong density is not always present. 
Photographs appear to be the best method of 
recording the gel patterns because photocopies on 
transparencies are not permanent and schematic patterns 
seem to be over-complicated and show no clear advantage 
over a photographic library. 
The visual comparison with reference gels or 
photographs or photocopies or schematic patterns is of 
value in checking method reproducibility or in 
pinpointing the suspected identity of an unknown sample 
and then to obtain an authentic sample of that species 
to be run side-by-side with the unknown. 
2.3.4.2 Densitometry 
The electrophoretic patterns can be scanned by a 
densitometer in the visible range after completing 
staining, destaining and drying of the gel. In this 
method, the intensity of a light beam passing through 
the transparent gel containing the fractionated stained 
proteins is measured. Light transmitted through the gel 
is detected by means of a photocell, and the signal is 
amplified, registered electronically on a photometer and 
displayed on a trace chart recorder. 
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Traces of protein from the same fish may differ 
slightly in intensity or sharpness of the bands but 
never in overall pattern. Therefore, densitometric 
scanning of the protein patterns obtained, in conjunc-
tion with visual comparison, offers an unequivocal means 
of fish species identification (Hamilton, 1982). 
Densitometric measurements have found extensive and 
successful application for quantitative determination of 
meat and fish mixtures. The quantitative determination 
of cOd/saithe mixtures has been studied on 
polyacrylamide gel electophoresis (Hume and Mackie, 
1980), based on the measurement of the peak areas of 
two species specific zones. Good results were obtained 
provided that peak areas for the single species were 
determined by reference to the cod/saithe mixtures 
instead of from 100% samples. This demonstrates that 
the peak areas for the two peaks used were not strictly 
linearly related to the mixture composition. 
The quantitative analysis of binary meat and fish 
mixtures was studied by means of agarose isoelectric 
focusing of aqueous extracts (Kaiser et al., 1980 and 
1981b). Semiquantitative results were obtained based on 
the measurement of two peak areas on the densitograms. 
Calibration plots were non-linear, displaying in most 
instances, S-shaped curves. 
However, B~e (1983), using polyacrylamide 
isoelectric focusing, demonstrated that peak heights are 
clearly superior to peak areas. He found much more 
accurate results in quantitative separation of species 
in fish mixtures, by calculating peak heights manually 
for 20 peaks on the densitometer traces rather than by 
using the peak areas, calculated electronically. 
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Also, Verbeke (1983) found peak heights superior to 
peak areas, particularly in agarose gels, since in 
agarose isoelectric focusing the width of the protein 
bands is pra~tically independent of the protein 
concentration. 
2.3.4.3 Protein isoelectric points 
Isoelectric focusing is the method of choice for 
determining protein isoelectric points (pI's). Accurate 
calibration of the pH gradient profile across the gel is 
essential to obtain precise measurement of protein pI's. 
Use of surface pH electrodes, which are frequently 
employed to measure pH gradients, is tedious, subject to 
experimental errors, and prone to instrumental 
difficulties. 
The complications and inaccuracies involved in 
measuring the pH gradient of isoelectric focusing gels 
are largely circumvented by using well-characterized pI 
markers under established conditions. A broad pI 
calibration kit (as employed in the present 
investigation) contains a lyophilized mixture of 
purified pI markers within the 3.50-9.30 pH range, which 
focus as distinct bands and enable simple and accurate 
measurement of pH gradient (see Table 1). Finally, the 
presence of methyl red dye in the pI calibration kit 
enables the course of the focusing to be followed. 
Reliable protein pI measurements on agarose gels 
can be performed only within the 4.55 to 8.65 pH range. 
This is because pI markers which focus at points less 
than 1 cm from the electrode wicks should not be used, 
since the pH gradient is usually steep in these areas 
and measurements are inaccurate (Pharmacia Fine 
Chemicals, -----) 
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Table 1: Broad pI calibration kit (pH 3-10) 
pI,marker protein 
amyloglucosidase 
* methyl red 
soybea~ trypsin inhibitor 
P-lactoglobulin A 
bovine carbonic anhydrase B 
human carbonic anhydrase B 
horse myoglobin-acidic band 
horse myoglobin-basic band 
lentil lectin-acidic band 
lentil lectin-middle band 
lentil lectin-basic band 
trypsinogen 
3.50 
3.75 
4.55 
5.20 
5.85 
6.55 
6.85 
7.35 
8.15 
8.45 
8.65 
9.30 
* Methyl red does not give a band in the final 
stained gel. 
(Source: Pharmacia Fine Chemicals, -----) 
2.4 
2.4.1 
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Determination of protein pI's using the pI calibration 
kit 
The isoelectric focusing procedure is stopped when 
methyl red reaches a fixed distance from the anode or 
after a fixed amount of volthours, as measured by the 
volthour integrator. The distance from the cathode of 
each protein pI marker is determined, after staining and 
developing of the gel. The known pI values of each pI 
marker protein are plotted against the distance from the 
cathode. The points are connected to obtain the pH 
gradient profile calibation curve. The distance from 
the cathode of the unknown proteins is determined and 
the pI's of the proteins of interest.are obtained from 
the pH calibration curve and their known distances from 
the cathode. 
Fig. 4 shows a typical pH gradient profile of the 
broad pI calibration kit on agarose gel containing 
Pharmalyte 3-10, at 24 0 C. 
OTHER METHODS FOR FISH SPECIES IDENTIFICATION 
Morphological assessment 
The scientific classification of fish species 
according to their morphological characteristics is 
applicable when the identifiable features exist, as in 
whole fish. But small pieces of flesh or fillets, 
particularly if the skin has been removed, cannot be 
identified in this way. 
A key based on characteristic scale patterns has 
been developed to distinguish species of canned salmon. 
The scales are removed form the fish skin, examined 
under magnification, and their patterns are compared 
with the provided key and figures (Newton and Burnett, 
1969). However, this method has very limited 
applications. 
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Fig. 4: Typical pH gradient profile of the broad pI 
calibration kit at 24 0 c on agarose gel containing 
Pharmalyte 3-10. 
2.4.2 
2.4.3 
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Five books were employed for the classification of 
the fish species used in the present work (Wheeler, 1969 
and 1978; Roughley, 1951; Muus and Dahlstr0m, 1974; 
Bigelow and Schroeder, 1953). 
Sensory assessment 
No sensory method used for identification of fish 
species has given good results. Thomson et al. (1980) 
used a cross-section of the staff at the Torry Research 
Laboratories (Aberdeen) to check whether they could 
match samples of white fish (cod, haddock, whiting, 
lemon sole and plaice). Of the 60 people involved only 
24 made a correct identification on a single match, 
while other tasters thought that several of the fish 
samples had flavour similar to the one that they were 
asked to match and of these only 16 included the correct 
one in their choice. Overall, the results suggest that 
the people involved, although used to eating fish, but 
untrained in species identification, could not identify 
readily the species they were eating, indicating perhaps 
that for most people these fish species have very 
similar flavours. 
Immunoassay 
Immunoassay has also been proposed for 
identification of fish species. But Lin and Lanier 
(1980), after carrying out research on minced fish 
blocks and ground red meat, concluded that, 
immunochemical techniques should be used in the red meat 
industry, since other techniques often give inconclusive 
results, but polyacrylamide gel electrophoresis and 
isoelectrofocusing techniques should be used for the 
identification of fish flesh as well as minced fish 
blocks. 
2.4.4 
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High performance liquid chromatography 
Wagener (1984) investigated high performance liquid 
chromatography (HPLC) as a means of species 
identification in cooked and canned fish products. 
Samples were treated with saturated urea solution and 
acetic acid or hydrochloric 
filtered before injection. 
acid. .The extracts were 
The chromatographic patterns 
of cooked hake and anchovy showed definite differences. 
The author concluded that .the method looks promising but 
many processed samples of different fish species treated 
with different reagents must be run before any conclus-
ion is drawn. Ashoor and Knox (1985) also employed HPLC 
for qualitative and quantitative identification of fish 
species. However, the use of an internal standard 
proved to be necessary and the· relative rather than the 
absolute retention times were used. 
2.5 AIMS OF THE PRESENT WORK 
The overall objective of the present work is to 
improve the effectiveness of isoelectric focusing in 
identification of fish species. 
The specific aims are: 
1. To evaluate agarose as a support medium for 
isoelectric focusing. 
2. To improve the accuracy of the method in relation to 
possible differences according to such factors as 
light and dark muscle and frozen storage time. 
3. To extend the method to salted-dried fish. 
4. To apply computing techniques to increase the speed 
and accuracy of the method. 
3. 
3.1 
3.1.1 
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EXPERIMENTAL 
MATERIALS 
Fish samples 
The fresh fish samples were bought from a local 
fish wholesaler •. The following fish species were 
examined: 
Gadidae 
cod (Gadus morhua) 
haddock (Melanogrammus aeglefinus) 
saithe or coley (Pollachius virens) 
ling (Molva molva) 
blue ling (Molva dypterygia) 
whiting (Merlangius merlangus) 
pollack (Pollachius pollachius) 
tusk or torsk (Brosme brosme) 
hake (Merlucciu8 merlucciu8j 
Pleuronectidae 
plaice (Pleuronectes platessa) 
dab (Limanda limanda) 
halibut (Hippoglossus hippoglossus) 
greenland halibut (Reinhardtius hippoglossoides) 
flounder (Platichthys flesus) 
witch (Glyptocephalus cynoglossus) 
lemon sole (Microstomus kitt) 
Scophthalmidae 
megrin (Lepidorhombus whiffiagonis) 
turbot (Scophthalmus maximus) 
Soleidae 
sole or dover sole (Solea solea) 
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Scombridae 
mackerel (Scomber scombrus) 
Clupeidae 
herring (Clupea harengus) 
sprat (Sprattus sprattus) 
Lophiidae 
angler or monkfish (Lophius species) 
Scoq~aenidae 
redfish or ocean perch (Sebastes viviEarus) 
redfish or ocean perch (Sebastes mar inus) 
·redfish or ocean perch (Helicolenus dact:z:lo:eterus) 
Triglidae 
gurnard or red gurnard (Aspitrigla cuculus) 
gurnard or tub gurnard (Trigla lucerna) 
Bramidae 
ray's bream (Brama brama) 
Mullidae 
red mullet (Mullus surmuletus) 
Ariidae 
marine catfish (Arius species) 
Anarhichidae 
rockfish or wolffish (Anarhichas lupus) 
Congridae 
conger or conger eel (Conger conger) 
Argentinidae 
argentine or larger argentine (Argentina silus) 
argentine or lesser argentine (Argentina sphyraena) 
3.1.2 
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Squalidae 
dogfish (Squalus acanthias) 
Rajidae 
skate or spotted ray (Raja montagui) 
skate or cuckoo ray (Raja naevus) 
skate or blonde ray (Raja brachyura) 
Salmonidae 
rainbow trout (Salmo gairdneri) 
Cichlidae 
tilapia (Tilapia species) 
The samples of frozen fish were prepared in the 
food processing laboratory. Very fresh fish were sealed 
under vacuum in polyethylene packs, frozen in a plate 
freezer at -3SoC and stored in a cold storage cabinet at 
-2SoC. The following frozen fish were examined at 
different storage times: cod (G. morhua), haddock 
(M. aeglefinus), saithe (P. virens) and ling (M. molva). 
Samples of frozen, salted and salted-dried marine 
catfish (Arius thalassinus) were obtained from West 
Java, Indonesia. A sample of salted-dried mackerel 
(S. scombrus) was prepared in the food processing 
laboratory. Salted-dried samples of cod (G. morhua), 
saithe (P. virens), tusk (B. brosme), ling (M. molva) 
and blue ling (M. dypterygia) were obtained from a 
Grimsby processor. 
Reagents 
~garose IEF, Pharmalyte, Brilliant Blue R (Page 
Blue 83) and a broad pI calibration kit (pH 3-10) were 
3.1. 3 
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supplied by Pharmacia; urea by Fisons; ~-mercaptoethanol 
by Bio-rad; cyanogen bromide by Sigma; and analytical 
grade sorbitol by Aldrich. 
Equipment 
The following equipment was used: 
Electrophoresis constant power supply ECPS 3000/150 
(Pharmacia) 
Flat bed apparatus FBE-3000 (Pharmacia) 
Volthour integrator VH - 1 (Pharmacia) 
Multiphor humidity chamber (LKB) 
Centrifuge Europa 24M (MSE) 
Top driver homogenizer (Scientific Instrument Centre 
Ltd) 
Vacuum sealer (Vaessen-Schoemaker Engineering) 
Hot ~late stirrer (Scientific Instruments Ltd) 
Shimadzu dual-wavelength thin layer chromato scanner 
CS-930 (V.A. Howe and Co. Ltd) 
Olivetti M24 personal computer (C. Olivetti and Co.) 
3.2 
3.2.1 
3.2.2 
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PREPARATION OF FISH EXTRACTS 
Aqueous extracts 
Unless stated otherwise, samples of white flesh 
(5 g) were removed from the fish, homogenized with 10 ml 
of distilled water chilled to 40 C and centrifuged at 
3,000 rpm for 20 minutes at 4oC. The supernatant 
solution was kept at O-loC for not more than 24 hours 
and used without any other treatment. 
Alternatively, smali pieces of white muscle (5 g) 
were centrifuged at 10,000 rpm for 30 minutes at 40 C to 
obtain a centrifuged tissue fluid (CTF). The 
supernatant solution was diluted 10-fold with distilled 
water chilled to 40 C and was kept at O-loC for not more 
than 24 hours. Also, the centifuged thaw drip (CTD) 
from frozen fish was employed, after centrifugation at 
2,000 rpm for 20 minutes at 40 C and dilution 10-fold 
.n 
with distilled water chilled to 4~C. 
In all cases 4 ~l of extract were pipetted on the 
gel. 
Cyanogen bromide peptides 
The fish flesh (1 g for salted-dried samples and 
2 g for unprocessed samples) was suspended in 20 ml 70% 
v/v formic acid solution to which was added 0.5 g of 
cyanogen bromide. After allowing the flask to stand for 
24 hours with occasional shaking, the cyanogen bromide 
and formic acid were removed under reduced pressure ina 
rotary evaporator at 400 C and the residue was suspended 
in 20 ml distilled water. After exhaustive dialysis 
against distilled water, the extract was re-evaporated 
to dryness and then taken up in 6 ml of 6 M urea 
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containing 0.02 M ~-mercaptoethanol. After 
centifugation at 20,000 rpm for 30 minutes at 40 C, the 
supernatant solution was stored at O-loC for 24 hours or 
at -60 0 C until required. 
For salted-dried fish 5 ~l were pipetted on the 
gel. 
3.3 PREPARATION OF THE GELS 
A 225 x 114 x 1 mm thick gel was prepared as 
follows: 0.3 g of Agarose IEF and 3.6 g of sorbitol 
were dissolved in 27 ml of distilled water in a 50 ml 
conical flask by use of an electrically heated magnetic 
stirrer at about 90 0 C. The conical flask was covered 
with a glass to avoid loss of water. When all Agarose 
IEF had dissolved in the gel solution, the mixture was 
allowed to cool to around 75 0 C and 1.9 ml of Pharmalyte 
was added. After mixing, the solution was poured into 
the preheated mould on the hydrophilic side of a GelBond 
plastic film. Attention was given to ensure that the 
solution flowed to all corners of the mould 'as quickly 
and evenly as possible and to avoid air bubbles in the 
gel. 
The mould was set up whilst the Agarose IEF was 
being dissolved. The whole assembly was carefully 
levelled prior to pouring the gel mix using a spirit 
level. Two ml of distilled water were poured on the 
levelling table and a sheet of GelBond with the 
hydrophilic surface up was placed, handling by the edges 
only, onto the levelling table. The film was rolled 
flat using a rubber roller. Care was taken to ensure 
that the water spread to a thin layer between GelBond 
and levelling table and that the film was flat and 
fitted "squarely" onto the levelling table. Air bubbles 
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and excess of moisture were removed from under the gel. 
The plastic film and the surroundings were dried 
carefully with soft paper tissue. The gel casting frame 
was placed ,in position over the plastic film and the 
edges were fastened down with six spring clips. The 
plastic film was preheated using a hairdryer. 
Once the gel had set (about 10-15 minutes) to a 
smooth surface with a lip around the edge, a scalpel was 
run ,around the edge of the gel casting frame and the 
gel. The plastic film was carefully removed from the 
levelling table by levering with a scalpel from one end 
and the gel was placed in a fridge at 40 C for one hour 
to harden fully, before use. Alternatively, the gel was 
stored in a humidity chamber at 4 0 C for up to 3 days or 
at room temperature for 24 hours. 
3.4 ISOELECTRIC FOCUSING PROCEDURE 
Attention was given to ensure that the flat bed 
apparatus was horizontal using a spirit level. Two ml 
of distilled water was placed at the centre of the 
cooling plate of the equipment and the gel plate was 
added carefully spreading the water to a thin film free 
of air bubbles under the gel. Excess of moisture was 
removed wIth soft paper tissue. The sample applicator 
mask with the protrusions downwards was placed near the 
cathode and 4-5 ~l of the samples were pipetted into the 
slits. The electrode,strips were soaked in the 
appropriate electrode buffer solutions (1 M sodium 
hydroxide for the cathode and 0.05 M sulphuric acid for 
the anode). After blotting with filter paper until 
almost-dry, the strips were placed at the edges of the 
gel. The electrodes were placed in position on top of 
the strips and the power supply was connected. The 
constant power supply was set to deliver 15 Wand a 
maximum of 1,500 V and 150 mA. 
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The temperature of the coolant water was 17-1SoC, 
which is the suggested optimum temperature for 
estimation of isoelectric points. The sample applicator 
mask was removed after 45 minutes and the experiment was 
run for 1,500 volthours measured by a volthour 
integrator. At the end of the experimental run the 
methyl red dye was always at the anode. 
In order that the voltage applied should reach the 
optimum value of 1,500 V, the two electrode strips were 
dried again after the focusing of the proteins, i.e. 
after about 75 minutes. During the last 5-10 minutes of 
the experimental run the current and power gradually 
dropped to S mA and 11 W respectively. 
3.5 STAINING AND DEVELOPING THE GELS 
After the run was completed the electrode strips 
were removed and the gel was fixed immediately in a 
solution of 5% sulphosalycy1ic acid and 10% 
trichloroacetic acid in distilled water for 30 minutes. 
The gel was washed with agitation, in order to remove 
the carrier ampholytes, in two lots of a solution of 35% 
ethanol and 10% acetic acid in distilled water, each for 
20 minutes. The gel was placed on a glass plate and 
covered by three layers of filter paper, another glass 
plate and a weight of about 1 kg to facilitate the 
removal of water. The filter papers were removed as 
they became saturated and were replaced with dry papers 
to speed up dehydration. It was found to be extremely 
critical that this process should be continued for 1 
hour in order to obtain a very clear background 
appropriate for scanning. 
The gel was completely dried with a hair dryer and 
was stained in a solution of 0.2% Brilliant Blue R 
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dissolved in the wash solution for 7 minutes with 
agitation. The gel was destained till the background 
was clear (about 60 minutes) in 3-4 lots of destaining 
solution (which is the same as the wash solution). 
Finally, the gel was fully dried with a hair drier. 
3.6 DETERMINATION OF PROTEIN ISOELECTRIC POINTS 
A broad pI calibration kit containing eleven marker 
proteins was used. These markers have pI's from 3.50 to 
9.30. In agarose gel, the two markers with the extreme 
pI's (3.50 and 9.30) are focused at points less than lcm 
from the wicks and their pI measurements are inaccurate. 
Therefore, the remaining nine markers, within the range 
4.55-8.65 pI's, were used in this project. 
In Fig. 5, the determination of the isoelectric 
point of the protein bands of frozen marine catfish 
(A. thalassinus) from Indonesia is demonstrated. From 
the distance of the marker proteins from the cathode and 
their known pI's the calibration curve is plotted. 
Then, from the calibration curve, the pI's of the sample 
proteins can be determined based on their distances from 
the cathode. 
In the above example the isoelectric points of the 
sample protein bands are: 
protein band 1 > 8.65 
n n 2 8.40 
" 
n 3 7.70 
n n 4 6.70 
n n 5 5.45 
n n 6 4.85 
n n 7 4.55 
n n 8 < 4.55 
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Fig. 5: Determination of sample protein isoelectric 
points. (a) Calibration curve; (b) isoelectric 
focusing pattern of the calibration kit; 
(c) isoelectric focusing pattern of frozen marine 
catfish (A. thalassinus). Cathode is on the left and 
anode on the right of the patterns (pH gradient 3-10). 
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It is clear that when the protein markers and the 
isoelectric focusing sarcoplasmic protein bands are wavy 
the determination of isoelectric points is not entirely 
accurate. Therefore, our measurements are always quoted 
to the nearest 0.05. 
3.7 SCANNING THE GELS 
A plastic frame was constructed to facilitate the 
location of the gels on the sample holder of the 
Shimadzu scanner unit. 
The gels were scanned at 557 nm in transmission 
mode for single lane, single wavelength, chromatogram 
measurements (normal scanning). The dimensions of the 
external slit of the light beam were 2 x 0.05 mm. The 
ordinate and abscissa were set at "I" time. 
Densitometric measurements were performed with the 
signal set to "area" and "height". The peak areas were 
calculated electronically by the equipment. The peak 
heights were measured manually. To eliminate variation 
from run to run the selected peaks were calculated 
relative to the strongest bands set at 100. 
3.8 COMPUTING THE RESULTS 
The computing program, which is given in the 
Appendix, was developed on an Olivetti M24 personal 
computer, which is IBM PC compatible, using BASIC 
language. The identificat~on of unknown samples by the 
computer was based on protein isoelectric points (see 
Section 3.6) with confirmation visually based on protein 
band densities as measured from the peak heights of the 
scanning traces (see Section 3.7). 
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4. RESULTS AND DISCUSSION 
4.1 GENERAL CONSIDERATIONS 
Agarose was used in this study rather than 
polyacrylamide. The advantages and disadvantages of 
agarose and polyacrylamide are discussed in Section 
2.2.1. The choice for this study was based mainly on 
the toxicity of polyacrylamide and its pore sizes which 
do not permit proteins with very high molecular weight 
to be focused: such proteins are thought to be formed 
during processing and storage of some fish products 
(Laird and Mackie, 1985). 
Although the use of isoe1ectric focusing for 
identification of fish species is well known, several 
factors that influence the effectiveness of the 
technique need further investigation, as discussed above 
in the literature survey. The most important factors 
concerned with the practical technique that were 
investigated were: the procedures for extraction of the 
water soluble proteins from the fish muscle, the amount 
and the position of application of the extracts on the 
gel, and the storage conditions and shelf-life of the 
extracts. The biological factors investigated were: 
closely related fish species, polymorphism and 
differences between light and dark fish muscle. Also, 
the effects of storing the test fish for up to 14 days 
in ice were investigated. 
During freezing and frozen storage, fish muscle 
sarcoplasmic proteins are partially denatured, but they 
are still in general water soluble. Previous studies 
have shown that frozen fish give electrophoretic 
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patterns with distinctive protein bands against a clear 
background, although with some differences compared to 
fresh fish (Umar and Qadri, 1982). These differences 
were investigated for lean fish species, which show more 
severe protein denaturation during frozen storage than 
fatty fish species. 
It is well known that during salting and drying of 
fish, the muscle proteins are severely denatured and 
become largely water insoluble. Therefore, the 
techniques developed for canned fish (see Section 2.3.3) 
were employed in this investigation for salted-dried 
fish to split the polypeptide chains and to release 
water soluble protein fragments. In order to 
investigate the effect of processing and storage on the 
electropherograms of salted-dried fish, different 
individuals of marine catfish (Arius thalassinus) were 
examined unprocessed (but stored frozen), salted, 
salted-dried and stored for about 3 months under ambient 
tropical conditions. These samples were available 
having been produced under carefully controlled 
conditions as part of a separate project. Also, all the 
salted-dried fish species produced in Grimsby were 
examined in order to test the effectiveness of the 
method to differentiate species. 
A computing program was developed to identify fish 
species based on comparison of the isoelectric points, 
obtained using protein markers, and protein band 
densities of the electrophoretic pattern of unknown 
species, with reference patterns of known species stored 
in a data file. 
4.2 
4.2.1 
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ICED FISH 
Extraction and application of the water soluble proteins 
All the previously proposed extraction techniques 
(see Section 2.2.2) were tested. 
Blending the fish muscle with double the volume of 
distilled water (aqueous extract method) followed by 
centifugation to remove the supernatant solution was 
found to be the best technique, even though it is time 
consuming and contamination from sample to sample during 
homogenisation is sometimes a problem. Also, there is 
always a large amount of precipitated proteins on the 
application po'int. However these disadvantages were 
considered relatively unimportant and the aqueous 
extract method was used to build up the reference 
library of iced fish. 
The most convenient technique was found to be the 
use of centrifuged tissue fluid (CTF method). It 
produced identical patterns to the previous technique. 
An important disadvantage of this method, however, is 
that some fish produce very small amounts of extract and 
a few individuals of some fish species produce none at 
all. As discussed above, biological factors may affect 
the extraction of the muscle proteins into the solution 
(see Section 2.3.1.3). Another disadvantage is that 
accurate quantification of the extract during dilution 
is sometimes difficult. The method was only employed 
with frozen fish, which always gave high amounts of 
extract. 
The use of thaw drip (TO method) from previously 
frozen fish is a very simple and convenient technique 
4.2.2 
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but, even when 2~1 were pipetted on to the gel, the 
background staining was too strong. With a 10-fold 
dilution of the thaw drip with distilled water a clear 
background was achieved, however the method does not in 
general demonstrate any advantage over the centrifuged 
tissue fluid method. 
The direct tissue isoelectric focusing (DTIEF 
method) was used once and although there was no 
precipitation of proteins on the application point, it 
was not employed generally because it is not possible to 
obtain a direct estimate of the amount of extract 
applied. 
The samples were not applied in the middle of the 
gel but at about 2 cm from the cathode in order to avoid 
precipitated proteins on the application point 
obscuring any important characteristic protein bands. 
The area close to the cathode was slightly affected 
during the experimental run by the heat produced. 
The use of filter papers to apply the extracts on 
the gel can eliminate precipitation of proteins on the 
application point, but they were never employed because 
it is not possible to control the amount of proteins 
entering into the gel. 
It was found to -be critical that the application 
point should always be the same in order to obtain 
reproducible protein patterns. 
Shelf-life of the extracts 
In order to find out the shelf-life of the fish 
extracts under different storage temperatures, extracts 
were stored un frozen at O-loe, and frozen at -lSoe and 
4.2.3 
- 67 -
-600 C, and subjected to isoelectric focusing within 24 
hours and after 1, 2, 3, 7 and 11 days. 
Some extracts stored un frozen showed changes of the 
patterns by the second day, most showed definite 
alterations by the third day and all showed a 
considerable fading of some of the protein bands. A few 
extracts stored at -laoC and -60 0 C showed alteration of 
the patterns immediately after freezing, but most remain 
unaffected. 
The frozen extracts were more'stable during storage 
than unfrozen but after 11 days even the extracts stored 
at -60 0 C showed a considerable fading of some of the 
protein bands which, however, was less than in the 
extract stored unfrozen for 2 days. 
In Fig. 6 this fading of the protein bands, 
particularly of the "basic bands" is demonstrated for 
the ling pattern. Also, an acidic protein band with pI 
about 4.75 became much fainter during frozen storage o~ 
the extract, whereas some other acidic bands became 
stronger. These results correlate fairly well with the 
results obtained for ling stored at -250 C (see Section 
4.3). 
Based on the above results fresh extracts were 
prepared each day, as Laird et al. (1982) also 
suggested. 
Closely related fish species, 
Many species of the Gadidae family and the 
Pleuronectidae and related flatfish families were tested 
in order to examine the ability of the method to 
differentiate closely related fish species. 
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Fig. 6: Scanning traces of the isoelectric focusing patterns of ling. (a) Stored 
unfrozen at O-loe for less than 24 hours, (b) stored at O-loe for 2 days and (c) 
stored at -60 oe for 11 days. The shaded areas correspond to the applications points. 
The t mark indicates the protein band with pI about 4.75. 
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No problem was encountered with any of the fish 
tested, except the three members of the Scorpaenidae 
family, Sebastes viviparus, s. marinus and Helicolenus 
dactylopterus, which showed very similar patterns. 
Minor differences do exist but differentiation of these 
three species by isoelectric focusing is not easy (see 
Fig. 7). Many workers have indicated the difficulties 
encountered in attempting to differentiate members of 
this family and the Scorpaeniformes order in general 
(see Section 2.3.2.1). It was unfortunate that more 
members of this order were not available to be examined 
in this investigation in order that the extent of the 
problem could be established. 
Polymorphism 
In order to avoid any incorrect identification of 
fish species due to one species producing different· 
electrophoretic patterns, many individuals of species 
suspected of exhibiting polymorphism were run. 
Tilapia obtained from a fish farm in Belgium 
definitely showed polymorphism within the pI range 
6.55-7.00 with at least four different distinctive 
patterns. Out of twenty-four individuals, fifteen 
showed type A with two protein bands, three showed type 
B with two protein bands but different pI for the second 
band, two showed type C with three protein bands and 
four showed type 0 with four protein bands, as shown in 
Fig. 8. S~me weaker protein bands interfered between 
the distinctive bands. The rest of the pattern was 
similar for all fish. Electrophoretic analysis of many 
individuals in a narrow pH gradient (5-8) is necessary 
in order to determine all the polymorphic patterns. The 
tilapia fish were known to be hybrids, possibly of 
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Fig. 7: Isoe1ectric focusing patterns of species of 
Scorpaenidae. (1) Redfish (Sebastes viviparus), (2) 
redfish (Sebastes marinus) and (3) redfish 
(Helico1enus dactylopterus). The anode is at the top 
and the cathode at the bottom of the patterns (pH 
gradient 3-10). The dark ob1ongs correspond to the 
application points. 
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T. mossambicus and T. niloticus. Polymorphism has 
previously been found in T. niloticus by Yamada and 
Suzuki (1982). 
Angler or monkfish may show polymorphic patterns 
(see Section 2.3.2.2). Two individuals out of sixteen, 
thought to be L. piscatorius, showed a protein band with 
pI about 4.55 (type B, in Fig. 8) which does not exist 
in the common pattern (type A) and no band at pI 4.80, 
which occurs in the common pattern. Also, the less 
common pattern showed an additional weak p'rotein band 
with pI about 7.1. Lundstrom (1981b) showed that 
Lophius americanus shows polymorphic patterns in the 
same area. L. americanus has an identical appearance 
with L. piscatorius, but the late larval stages are 
different. Therefore, they are regarded as closely 
related but different fish species (Bigelow and 
Schroeder, 1953). However accurate identification of 
the fish was not possible because the samples were 
obtained skinless in this investigation, and it is well 
,known that another angler fish, black-bellied angler 
(Lophius budegassa), can sometimes be found in the North 
Atlantic (Wheeler, 1978), and may give the less common 
pattern. 
Four haddock out of twenty individuals showed an 
unusual pattern. The unusual pattern of haddock has 
five weak protein bands with pI's about 7.85, 7.60, 
7.40, 7.25 and 7.10 (type B, in Fig. 8), whereas the 
most common pattern (type A) has just one strong band 
with pI about 7.85. More individuals must be run in a 
narrow pH gradient in order to confirm whether haddock 
shows polymorphism. Haddock has not previously been 
reported as giving polymorphic patterns. 
Cod usually had a strong protein band with pI about 
6.00 which was sometimes split into three weaker bands 
4.2.5 
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with pI's about 5.95, 6.00 and 6.05. This is probably 
due to differences between individuals from run to run 
rather than polymorphism, as discussed below in Section 
4.2.7. Gjerde (1982) found distinct differences in the 
polyacrylamide isoelectric focusing patterns of water 
soluble proteins between cod caught from the Baltic and 
from the Barents sea, however these differences were 
mainly in the pI range 3.5-4.1. 
All the other fish species tested for polymorphism, 
such as saithe, ling, mackerel, herring, plaice and 
trout, showed electrophoretic patterns with high degrees 
of reproducibility. 
Light and dark muscle 
Light and dark muscle differ considerably in 
composition and function (see Section 2.3.2.3) and hence 
differences in isoelectric focusing patterns are to be 
expected. 
All the fish examined in this investigation showed 
different electropherograms for light and dark muscle, 
however both sets of patterns were found to be equally 
species specific. Rehbein and Ktindiger (1984). have 
found similar results using polyacrylamide isoelectric 
focusing. 
In Fig. 9, the electrophoretic patterns of light 
and dark muscle of mackerel, trout, haddock and herring 
are shown. It is seen that mackerel shows the greatest 
differences between these two patterns with the pattern 
of the light muscle having.no acidic bands. 
Also, patterns from a 1:1 mixture of dark and light 
muscle for the same fish species are shown. It is seen 
that some weaker protein bands which exist only in the 
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Fig. 9: Isoelectric focusing patterns of light and dark muscle. (1) Mackerel, (2) "trout, 
(3) haddock and (4) herring. In each case, the patterns are given in the order: dark 
muscle, light muscle and a 1:1 mixture. The anode is at the top and the cathode at the 
bottom of the patterns (pH gradient 3-10). The dark oblongs correspond to the application 
points. 
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pattern of one type of muscle are not always clearly 
observed in the electrophoretic pattern of the mixture. 
This .ffect will be more apparent in mixtures in which 
one type of muscle is dominant. In minced fish obtained 
from flesh-bone separators the ratio of light and dark 
flesh can vary widely and hence can lead to different 
electrophoretic patterns. 
In all our experiments with iced and frozen fish, 
only light muscle was employed in order to increase the 
reproducibility of the patterns and to minimize 
variation in the density of protein bands. However, 
dark muscle and mixtures could easily be incorporated 
into the computer reference library (see Section 4.5). 
The latter is necessary when minced fish products are 
being identified. 
Iced storage of fish 
Although iced storage of fi~h has been shown to 
slightly affect polyacrylamide electropherograms (Umar 
and Qadri, 1982), the effect on agarose electrophero-
grams has not been investigated. 
Cod, haddock, saithe and ling were stored in ice 
for 1, 3, 6, 7, 8, 9, 10, 12 and 14 days before analysis 
in order to determine the effect of ice storage on the 
agarose electrophoretic patterns. On the last day the 
fish showed incipient spoilage. 
All the fish patterns remained unaffected by ice 
storage for at least 7 days. In the cod pattern, on the 
eighth day a new protein band with pI about 5.55 
appeared and on the tenth day another with pI about 
5.00, as shown in Fig. 10. These two protein bands 
slightly increased in density up to the fourteenth day 
when a third, very weak band, with pI about 4.95 
pH 1 0..---____ -,3 10 3 10 3 ~--------------~ 
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Fig. 10: Scanning traces of the isoelectric focusing patterns of cod stored in ice. 
(a) For 1 ~ay, (b) for 8 days and (c) for 10 days. The shaded areas correspond to 
the application points. The t mark indicates the protein band with pI about 6.00. 
The t mark indicates the band with pI about 5.55. The t mark indicates the band 
with pI about 5.00. 
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appeared. The slight difference of the cod patterns at 
pI about 6.00 is attributed to differences between 
individuals from run to run (see Section 4.2.7) and not 
to changes on storage. 
In the haddock pattern a new protein band with pI 
about 5.20 appeared on the ninth day and remained till 
the fourteenth day, with increasing density, when 
another, very weak band with pI about 5.10 appeared. 
The patterns of saithe and ling demonstrated no definite 
alterations over two weeks ice storage, except that 
there was a considerable fading of the protein bands, 
particularly for ling. 
The results show that prolonged ice storage has 
some effect on the agarose isoelectric focusing patterns 
and slight differences may be found with fish that.are 
not fresh compared with fresh. Only very fresh fish 
samples were used to build up the reference library, but 
the computer assisted identification system (see Section 
4.5) could easily incorporate spoiled as well as fresh 
fish. 
Reference library 
In recent years, 
species found in each 
the number of imported fish 
country 
as a result of an increase in 
has increased considerably 
the international fish 
trade. For example blocks of white fish fillets from 
fish from Alaskan and New Zealand waters have been used 
by a Grimsby company for fish fingers. Therefore, it is 
necessary for a reference library of the electrophoretic 
patterns of a wide range of fish species to be built up 
in order to assist both commercial ~ompanies and 
government food law enforcement officers. 
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All the available fish species from the local fish 
market were run many times in order to build up the 
reference library and to test the reproducibility and 
consistency of agarose isoelectric focusing patterns. 
Minor differences between individuals do exist and 
slight alteration of the experimental conditions do 
alter the patterns. Some fish such as plaice, mackerel 
and herring demonstrate protein patterns with a high 
degree of consistency. Other fish such as cod and 
haddock often show slightly different patterns from run 
to run. In particular, some weak protein bands mayor 
may not appear. This can be attributed either to the 
physiological state of fish, flesh pH or the sampling 
position, all of which may affect the extractability and 
solubility of fish muscle proteins (see Section 
2.3.1.3), or to slightly different pH gradients 
generated in the agarose gels from run to run. 
The problem of reproducibility appears to be 
greater with members of the Gadidae family than other 
families (see Sections 4.2.4 and 4.2.6). However, in 
all cases analysis of the fish muscle proteins into a 
narrow pH gradient (5-8) may be helpful in clarifying 
this aspect. Rehbein (1984) also found that minor 
variations do exist in the protein patterns of cod and 
occasionally of saithe. 
The existence of polymorphic patterns (see Section 
4.2.4) is not a problem because more than one pattern 
for each fish species can be used for the reference 
library. The opposite, i.e. more than one fish species 
producing the same electrophoretic pattern is a much 
greater problem (see Section 4.2.3). 
The Figs 11, 12, 13, 14 and 15 show the protein 
patterns of all the fish species examined by isoelectric 
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Fig. 11: Isoelectric focusing patterns. (1) Cod (Gadus morhua), (2) haddock type A 
(Melanogrammus aeglefinus), (3) haddock type B (Melanogrammus aeglefinus), (4) saithe 
(Pollachius virens), (5) ling (Molva molvc~), (6) blue ling (Molva dypterygia), (7) whiting 
(Merlangius merlangus), (8) pollack (Pollachius pollachius), (9) torsk (Brosme brosme) and 
(10) hake (Merluccius merluccius). The anode is at the top and the cathode at the bottom 
of the patterns (pH gradient 3-11)). The dark oblongs correspond to the application 
points. 
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Fig. 12: Isoelectric focusing patterns. (1) Plaice (Pleuronectes platessa), (2) dab 
(Limanda limanda), (3) halibut (Hippoglossus hippoglossus), (4) greenland halibut 
(Reinhardtius hippoglossoides), (5) flounder (Platichthys flesus), (6) witch 
(Glyptocephalus cynoglossus), (7) lemon sole (Microstomus kitt), (8) megrin (Lepidorhombus 
whiffiagcnis, (9) turbot (Scophthalmus maximus) and (10) dover sole (Solea solea). The 
anode is a the top and the cathode at the bottom of the patterns (pH gradient 3-10). The 
dark oblongs correspond to the application points. 
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Fig. 13: Isoelectric focusing patterns. (1) Mackerel (Scomber scombrus), (2) herring 
(Clupea harengus), (3) sprat (Sprattus sprattus), (4) monkfish type A (Lophius species), 
(5) monkfish type B (Lophius species), (6) redfish (Sebastes viviparus), (7) redfish 
(Sebastes marinus), (8) redfish (Helicolenus nactylopterus), (9) red gurnard (Aspitrig1a 
cuculus) and (10) tub gurnard (Trigla lucerna). The anode is at the top and the cathode 
at the bottom of the patterns (pH granient 3-10). The dark oblongs correspond the the 
application points. 
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Fig. 14: Isoelectric focusing patterns. (1) Ray's bream (Brama brama), (2) red 
mullet (Mullus surmuletus), (3) marine catfish (Arius species), (4) rock fish 
(Anarhichas lupus), (5) conger (Conger conger), (6) larger argentine (Argentina 
silus) and (7) lesser argentine (Argentina sphyraena). The anode is at the top 
and the cathode at the bottom of the patterns (pH gradient 3-10). The dark 
oblongs correspond to the application points. 
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Fig. 15: Isoelectdc focusing patterns (1) Dogfish (Squalus acanthias), (2) spotted 
ray (Raja montagui), (3) cuckoo ray (Raja naevus), (4) blonde ray (Raja brachyura), 
(5) rainbow trout (Salmo gairdneri) and (6-9) tilapia type A, B, e, D (Tilapia 
species). The anode is at the top and the cathode at the bottom of the patterns (pH 
gradient 3-10). The dark oblongs correspond to the a9Plication points. 
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focusing on agarose gel with pH gradient 3-10. These 
and additional reference patterns were used in preparing 
a computer data file which could then be employed to 
identify unknown fish species, as discussed in Section 
4.5. 
4.3 FROZEN FISH 
Early studies indicated that fish muscle 
sarcoplasmic proteins are little affected by frozen 
storage, however, it is now accepted that the enzymes in 
the sarcoplasmic fluid do undergo denaturation. The 
nature and the chemistry of these changes is still 
unclear (see Section 2.3.1.3). In order to include 
frozen fish in an identification scheme it is necessary 
to be aware of any changes that occur in the agarose 
isoelectric focusing patterns. 
Cod, haddock, saithe and ling were stored at -25 0 C 
and were examined every month for a period of 9 months. 
(In Greece, the author's country, 9 months is the 
longest period permitted for frozen storage of all sea 
foods.) The centrifuged tissue fluid method was used 
for the extraction of the water soluble proteins from 
the frozen fish muscle. It proved a simple and 
effective technique (see Section 4.2.1). 
All the fish species tested showed some alteration 
of the electrophoretic patterns during freezing and 
frozen storage. These changes do not alter the overall 
pattern sufficiently to make identification impossible, 
although it is more difficult. The different patterns 
produced can, however, be included in the computer 
program, as discussed in Section 4.5. 
In the cod pattern, the weak protein bands with 
pI's about·6.75 and 6.55 tended to become fainter during 
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frozen storage. Also, within the range of pI's 
\ 
4.90-5.50 the number of protein bands increased from 
three to five. Similar results were found by B0rressen 
et al. (1985) when sarcoplasmic proteins from cod 
samples stored frozen were analysed with agarose 
isoelectric focusing. Noticeable is the fact that the 
protein band with pI about 5.55 which appeared in the 
cod pattern after prolonged iced storage (see Section 
4.2.6) is also found in the cod pattern after frozen 
storage, but is much weaker. 
In the haddock pattern, a new protein band with pI 
about 5.55 appeared after 30 days storage. Also, after 
5 months, a protein band with pI about 5.20 appeared. 
These two bands remained till 9 months storage, whereas 
some others weakened. 
Saithe has one protein band with pI about 6.55 
which became weaker just after freezing and disappeared 
after two months storage. Also, a new band with pI 
about 5.35 appeared after 5 months. In fact there"is an 
increasing number of weak acidic pro~ein bands, but 
these bands are too weak to appear in the photocopies 
arid produce very small peaks in the scanning traces (see 
Fig. 16). These weak acidic bands disappeared after 9 
months storage, because the proteins ran out of the gel 
as a result of their'pI's becoming more acidic during 
frozen storage. 
Ling showed less alteration during frozen storage. 
However, most of the protein bands tended to become 
weaker and particularly the basic bands with pI'S about 
8.05 and 7.75 which disappeared after 5 months. Also an 
acidic protein band with pI about 4.75 became much 
fainter after 8 months. Noticeable is the fact that the 
alterations are similar to those produced after 
1 0 . .--______ -,3 10 3 
~----------------4 
pH 10r-________ ~3 
(Cl ) b ) (c ) 
I 
,I 
Fig. 16: Scanning traces of the isoelectric focusing patterns of saithe. (a) Fresh, 
(b) frozen and storec for 2 months and (c) frozen and stored for 5 months. The shaded 
areas correspond to the application points. The t mark indicates the protein band 
with pI about 6.55 and the t mark indicates the band with pI about 5.35. 
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prolonged frozen storage of the extract (see Section 
4.2.2) • 
The overall conclusion is that during frozen 
storage, acidic pro~ein bands are formed as other bands 
decrease. It is noticeable that the alterations of the 
patterns during frozen storage of fish are similar to 
the alterations introduced by prolonged ice storage of 
fish. Also, prolonged frozen storage of the extracts 
results in similar alterations. These changes 
presumably relate to protein denaturation, but the exact 
effects are not fully understood. 
Frozen fish can be included in the computer 
assisted fish species identification scheme, with 
several patterns being recorded for each fish species 
according to storage time (see Section 4.5). 
4.4 SALTED-DRIED FISH 
In the developed countries the consumption of fish 
is mainly concentrated on fresh, frozen, canned and 
lightly smoked products. However, in the developing 
countries salted-dried and heavily smoked fish is 
consumed in large quantities. In Greece, the author's 
country, fish products such as salted sardine (Sardina 
pilchardus), salted anchovy (Engraulis encrasicolus), 
sun-dried scad (Trachurus trachurus) and sun-dried 
mackerel (Scomber scombrus) are consumed in small 
quantities as delicatessen foods. 
No systematic study has been made on the use of 
electrophoresis for the identification of cured fish 
products, although it would appear that defatting of 
.samples before extraction may be useful and the use of 
protein splitting agents, as developed for canned fish, 
may be necessary (see Section 2.3.3). 
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Electrophoretic patterns of salted-dried fish were 
found to show no significant difference between defatted 
and non-defatted samples as far as the background 
staining and the density of the protein bands was 
concerned. There was a slight improvement of the 
background with defatting, but the protein bands were 
less strong. Wagener and Virlas (1984) found similar 
results with cooked and canned fish samples. Therefore, 
defatting the extracts prior to cyanogen bromide 
treatment was not used in this study. 
Samples of marine catfish (Arius thalassinus) were 
examined at different stages of processing. The samples 
were available from a research project carried out for 
Overseas Development Administration (ODA) with the title 
"Investigation in post-harvest losses of cured fish in 
South East Asia, R3693" and had been produced under 
carefully controlled conditions by the traditional 
method. The electropherograms of unprocessed frozen, 
salted and salted-dried fish were identical. After 3 
months storage under tropical ambient conditions some 
more protein bands were focused at the acidic end of the 
pattern at the expense of the other bands. But the 
pattern still remained very similar to the frozen and 
processed, unstored fish (see Fig. 17). 
Differences in the densities of the protein bands 
of the patterns are attributed to the different protein 
contents of the extracts. For each sample 1 g of fish 
flesh was employed but the protein content was about 20% 
for frozen fish, 30% for salted fish and 40% for 
salted-dried fish. In order to avoid this problem, it 
was decided to use 2 g of fish flesh for frozen fish 
samples in subsequent experiments. 
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(1) Marine catfish (in 
the order: unprocessed frozen, salted, salted-dried and after 3 months storage). (2) 
Mackerel, (3) cod, (4) saithe, (5) torsk, (6) ling and (7) blue ling, in each case on the left 
unprocessed frozen and on the right salted-dried fish. The anode is at the top and the cathode 
at the bottom of the patterns (pH gradient 3-10). The dark oblongs correspond to the 
application points. 
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In the following experiments for cod, saithe, ling, 
blue ling, torsk and mackerel, the electrophoretic 
patterns of frozen samples (2 g of fish flesh) showed 
distinctive protein bands against a clear background, 
while the patterns of salted-dried samples (1 g of 
minced fish) showed weaker protein bands. In an attempt 
to increase the density of the protein bands of 
salted-dried fish, greater amounts than 1 g of minced 
fish were employed. The protein bands became stronger 
but unfortunately the background staining became too 
strong. 
For salted-dried samples of marine catfish, 
mackerel and torsk no identification problem exists. 
The patterns are unique for each and very distinctive 
from the others (see Fig. 17). 
Cod and saithe showed similar patterns but there 
are two areas with clear differences. Saithe has three 
bands within the pI range 7.00-7.50 and another three 
within the range 4.80-5.20. Cod has two protein bands 
in the first area and one strong band in the second 
area. Ling and blue ling showed very similar patterns. 
Identification 
protein bands, 
pI about 5.15, 
in this case can be based only on two 
one with pI about 4.70 and another with 
which 
not in the blue ling 
are found in the ling pattern but 
pattern. The differences are much 
more noticeable in the frozen fish patterns (see Fig. 
17) . 
Finally, the experiment for all salted-dried 
samples ,was repeated after 30 days storage of the 
extracts at'-60o C. The patterns of the frozen stored 
extracts appeared identical with ,the patterns obtained 
from the same extracts stored at O-loC for 24 hours, 
other than that there was a slight fading of the protein 
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bands. This means that the cyanogen bromide peptides of 
processed and unprocessed fish are only very slightly 
affected by freezing and much more stable during frozen 
storage than the aqueous extracts of fresh fish. 
The value of agarose isoelectric focusing for 
identification of salted-dried fish species has been 
clearly demonstrated in this investigation. 
4.5 COMPUTER ASSISTED IDENTIFICATION 
In order to speed up the identification technique 
and make it more objective, a computing program was 
developed using the isoelectric points and the densities 
of the protein bands of the isoelectric focusing 
patterns. 
Determination of protein isoelectric points using 
protein markers run side by side with the extracts was 
found to be extremely convenient and relatively 
independent of minor differences from run to run, such 
as the temperature of coolant water and the generation 
of pH gradient (see Section 3.6). Nevertheless, all the 
experimental runs were carried out under standardised 
conditions, e.g. the temperature of the coolant water 
was always around lSoC. Also, the use of a volthour 
integrator was of great importance as far as the 
reproducibility of the isoelectric points was ~oncerned 
because this enabled the experiments to be run for a 
fixed number of volthours (see Section 3.4). 
The density of each protein band was calculated 
using the scanning densitometer from the peak areas 
electronically and from the peak heights manually. The 
peak heights proved to be superior to peak areas based 
on visual comparison with the patterns and on comparison 
of many individuals of the same fish species. verbeke 
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(1983) using isoelectric focusing on agarose gels and 
B0e (1983) using isoelectric focusing on polyacrylamide 
gels also found peak heights superior to peak areas. 
Therefore, the peak heights were used ~ather than the 
peak areas in this investigation. The peak heights were 
calculated relative to the strongest peak set to 100. 
This provided an in-built correction for variation in 
the protein band densities due to, for example, 
differences in the staining procedure. The isoelectric 
points and the relative peak heights of each protein 
band of all the isoelectric focusing patterns of the 
library were calculated. However, only data for the 
four species (cod, haddock, saithe and ling) examined 
extensively as fresh and frozen were used in developing 
the computer program and only protein bands with pI's 
within the range 4.55-8.65 are included because of 
inconsistencies in proteins focusing near the electrodes 
(see Section 3.6). 
The reproducibility of the isoelectric points was 
satisfactory whereas the reproducibility of the 
densitometric measurements for some bands was poor. 
This is in agreement with the observation of B0rresen 
et al. (1985) that accurate quantification of each 
protein band is very difficult due to variable diffusion 
and broading of the components in agarose gels. Hence 
the computer identification procedure was based on the 
isoelectric points with densitites used for visual 
confirmation. 
The program is given in the Appendix. The main 
features of the program are as follows: statements 
120-190 give a "Menu" which allows selection of the 
three options: "Input IEF data for fish identification 
(A)", "Input IEF data for a known sample (B)", "Scan 
data files (C)". Statements 200-550 permit input of a 
new sample data. The limit on the number of sample 
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files stored is the size of the computer memory. 
Statements 1330-1540 permit scanning of the library, 
with visual display (statements 1550-1680), as shown in 
Fig. 18. Solid lines represent protein bands with 
density higher than 66%, relative to the strongest peak 
taken as 100%1 dashed lines represent protein bands with 
density between 33% and 66%1 dotted lines represent 
protein bands with density lower than 33%. Statements 
560-1320 permit identification of unknown samples by 
comparison of isoelectric points with the library files. 
The range of match is determined by the variable RAN in 
statement 760, which is set at 0.05, but could be 
varied. Statements 1690-1800 allow visual presentation 
of the unknown against matches from the library. This 
is shown in Fig. 19, where the computer has selected the 
best match (based only on pI's) to be saithe and 
indicated a 90% match of protein bands. Visual display 
of band densities can be'used for confirmation. The 
computer program can pick out the ,next best matches if 
required, until the full library has been scanned. 
It is clear that in the above computing program as 
many patterns for each fish species as desired can be 
added to the library data file in order to include 
polymorphic patterns, light fish muscle patterns, dark 
fish muscle patterns, and differences between 
individuals from run to run, or differences due to 
processing and storage. 
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SAMPLE CODE 11 
4", t1 FISH COMMON NAME ling FISH LATIN NAME Holva }!lOIn 
SAMPLE DETAILS ft'esh ~ IEP X HE! GHT 
4,65 96 
H 4.75 5~ 5,50 89 5,75 100 lIP 5,85 63 
I 6.05 73 6,45 63 I .... 6,60 21 
7,45 25 
7.75 15 
8.05 18 
UO 9 
I 8,65 
Fig. 18: . Visual display of a sample (ling) 
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SUGGESTED FISH SPECIES ( 90 '/, Match) SAHPLE 
SAMPLE CODE 9 US l I 
FI SH COMMOH HAME saithe L FISH LATIH HAME Pollachius virens SAMPLE DETAILS fresh 
IEP '/, HEI GHT 
, 
-l 
4,75 43 I 
4,85 35 I 
5,45 75 ~J 5,55 65 IEP , 
6.05 l~~ n 
I 6,20 84 6.35 56 I 
6.55 36 
6,65 62 
8.10 88 
I U0 0 
uo 0 
8,65 _n 
Fig. 19: . Visual presentation of the unknown sample 
against the matched fish species 
~j 
I 
.J g 
~] 
-1 
I 
n 
5. 
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CONCLUSIONS 
1. Blending the fish muscle with double the volume of 
distilled water (aqueous extract method) followed by 
centrifugation to remove the supernatant solution proved 
to be the best technique for the extraction of the water 
soluble proteins from fresh fish and the centrifuged 
tissue fluid method the best technique for frozen fish. 
2. The extracts when stored at O-loC should be used 
within 24 hours. 
3. The extracts should always be applied on the gels at 
the same distance from the cathode in order to obtain 
reproducible patterns. 
4. It was shown that differentiation of the members of 
the Scorpaenidae family by electrophoresis is a major 
problem. 
5. Tilapia was confirmed to show polymorphism. 
Haddock, which has not previously been reported as 
giving polymorphic patterns, showed an unusual pattern 
possibly indicative of polymorphism. 
6. All fish tested showed different electropherograms 
for light and dark muscle, both of which proved to be 
equally species specific. 
7. Ice storage of fish did not affect the 
electrophoretic patterns for at least one week, however, 
prolonged iced storage had some effect on the patterns. 
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8. Freezing and frozen storage of fish was shown to 
alter the patterns. It was also demonstrated that the 
alterations of the patterns during frozen storage of 
fish are similar to the alterations introduced by 
prolonged ice storage of fish and frozen storage of the 
extracts. 
9. Unprocessed and salted-dried fish of the same 
species showed identical patterns after treatment with 
cyanogen bromide. All the salted-dried fish species 
tested could be identified. Defatting the extracts 
prior to cyanogen bromide treatment was not necessary. 
10. A computing program has been developed, based on 
protein band isoelectric points, which can speed up the 
identification of fish species and make it more 
objective. 
11. Overall it was shown that agarose isoelectric 
focusing is effective in fish species identification. 
6. 
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SUGGESTIONS FOR FURTHER INVESTIGATIONS 
1. Dark fish muscle patterns should be investigated as 
a means of differentiation of closely related fish 
species, e.g. the members of Scorpaenidae family. 
2. Polymorphic patterns should be investigated further 
by using carrier ampholytes of narrow pH range. 
3. The changes in patterns which occur during frozen 
storage of fish and extracts should be investigated 
further to provide information on protein denaturation. 
4. The technique developed for the extraction of 
protein fragments from salted-dried fish should be 
improved and studied. for other types of cured fish 
products. 
5. The computer assisted identification technique 
should be tested on a large range of fish samples. 
6. Various improvements can be made to the computer 
program such as file editing facilities and 
incorporation of density data into the matching program. 
7. Interfacing of the scanning densitometer with the 
computer should be investigated so that pI and density 
data can be passed directly into the computer. 
8. The. use of computing techniques should be applied to 
qualitative and quantitative analysis of minced fish 
mixtures. 
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APPENDIX - Computer program 
10 REM ***** Fish Identification by Ieoelectric Focus1nz ***** 
20 REM ********************* March 1987 *************:t:******** 
30 SCREEN 2 
LlO KEY OFF 
50 GOSUB 120 
60 CLEAR:A$:INKEY$ 
70 ON ERROR GOTO 1810 
80 IF A$="A" OR A$="a" THEN GOSUB 560 
90 IF A$="B" OR A$="b" THEN GOSUB 200 
100 IF A$="C" OR A$="C" THEN GOSUB 1330 
110 GOTO 60 
120 REM ********** Menu ********** 
130 CLS:KEY (1) ON:KEY (2) ON:KEY (3) ON 
140 PRINT:PRINT "FISH IDENTIFICATION BY ISOELECTRIC FOCUSING" 
150 PRINT:PRINT:PRINT"Choose one of the following options by 
pressing keys A, B or C:" 
160 PRINT:PRINT"Input IEF data for fish identification (A)" 
170 PRINT"Input IEF data Per a Known sample (B)" 
180 PRINT "Scan data files (C)" 
190 RETURN 
200 REM ********** Input new data *********:1< 
210 CLS:PRINT:PRINT"Input known sample details and data in 
increasing order of isoelectric points.":PRINT"Up to 12 
bands can be entel'ed.":PRINT"IEP values between U.55 
and B.65: " 
220 DIM I (12): DIM fl( 12) 
230 PRINT:INPUT "SAMPLE CODE ".N$ 
240 INPUT "FISH COMMON NAME 
250 INPUT "FISH LATIN NAME 
260 INPUT "SAMPLE DETAILS 
270 PRINT: FOR N=l TO 12 
n.F$ 
" 'C'T ~ 
.' ....... 
",S$ 
280 PRINT "INPUT";N;" IEP." HEIGHT": : INPUT I(N).H(N) 
290 IF I(N)<>O THEN GOTO 310 
300 N=12: GOTO 340 
310 IF I(N»B.65001 OR I(N)<U.55 THEN GaTO 330 
320 IF H(N»100 OR H(N)<O THEN GOTO 330 ELSE GOTO 340 
330 PRINT"Data not accepted":GOTO 280 
3UO NEXT N 
350 PRINT: PRINT: PRINT: PRINT: PRINT "Do you wie.h this sample 
data to be entered into the library (Y or N)?" 
360 A$=INKEY$ 
370 IF A$="Y" OR A$="y" THEN GO TO 400 
380 IF A$="N" OR A$="n" THEN GO TO 410 
390 GOTO 360 
uoo GOSUB uBo 
410 ERASE I.H 
420 PRINT: PRINT "Do you wish to enter more known sample 
data (Y or N)?" 
1130 A$=INKEY$ 
440 IF A$="Y" OR A$="y" THEN GOTO 210 
450 IF A$="N" OR A$="n" THEN GO TO 470 
460 GOTO LL3D 
U70 GOSUB 120:RETURN 
480 OPEN "FISH" FOR APPEND AS #1 
490 PRINT #l.N$;".";F$:".";FL$;",";S$ 
500 FOR N=l TO 12 
510 PRINT 111. I(N): H(N) 
520 NEXT N 
530 CLS:PRINT:PRINT 
SLLO CLOSE #1 
550 RETURN 
560 REM ********** Input unknown sample data ********** 
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570 CLS:PRINT:PRI~T":n?ut unkno~n sample data in inc~ea3ing 
orde~ of isoelectric poi~ts.":PRINT'IUp to 12 bands C~n be 
entered. ":PRIIJT"IEP values between ,B.5S and 8.65: ~ EEIGHT 
vC<.luea ~et· .. l 
580 P?INT"W!"\en entr-y is com;.lete. input 0,0": pp,Irn 
590 EE=O:M",12 
600 DIM IU(12),nU{12) 
610 FOR N=l TO 12 
620 PRINT "INPTJT'!;N;" lE?, ~~ HEIGHT";:lNPUT IU(N),HU(N) 
630 IF IU(N)<>O THEN GOTO 650 
6!~O N=N-l: N=12: GOTO 680 
650 IF IU(N»8.65001 OR IU(N)<4.55 THEN GOTO 670 
660 IF HU(N»100 OR HU(N}<O THEN GOTO 670 ELSE GOTO 680 
670 PRrtfT"Data nat accept2d":GOTO 620 
680 flEX" N 
690 OPEN "I".#l,"?ISH" 
700 DI~! FIT(200):F=1 
710 Dli-l 12(12}: OIl·j i-I2(12) 
720 IflPUT ~1.N$.F3.fL$.S~ 
730 FOR N~ 1 1'0 12 
7ao INPUT #1, I2(N).H2(N) 
750 NEXT N" ~ 
760 RAN~.05 
770 FOR N~l TO M 
780 FOR NN=l TO 12 
790 IF IUCN) > 12(Nrl) + RAN THEN 820 
800 IF IUCN) < 12(NN) - RAN THEN 820 
810 12(NN)~100:FIT(F)=FIT(F)+1:riN=12 
820 NEXT Nil 
230 NEXT N 
BUo Y=F+l 
850 ERASE 12,H2 
860 IF EOF(1) THEN GOTO 870 ELSE GOTO 710 
870 CLOSE #1 
880 DISPLA"{=O:FOR NN=M TO 0 STEP -1 
890 FOR N=l TO F 
900 IF FIT(N)=NN THEN GO TO 910 ELSE GOTO 1010 
910 BEST=N : MAT=INT(NN/r·1*100) 
920 IF DISPLAY=3 THEN GO TO 930 ELSE GOTO 1000 
930 CLS:PRINT:PRINT"Oo you wish to see another set of three 
patterns from the libra.ry (V or N),?" 
gliO A$=INKEYS 
950 IF AS="y" OR AS="y" THEN GOTO 980 
960 IF AS="N" OR A$="n" THEN GOTO 990 
970 GOTO 940 
980 DISPLAY=O:GOTO 1000 
990 N=F:NN=O:GOTO 1010 
1000 DISPLA~' = DISPLAY+l:GOSUB 1100 
1010 NEXT N:NEXT NN 
1020 IF EE=O THEN CLS ELSE GOTO 1030 
1030 PF'.INT: PRINT"Do you wish to cheCK another unknm·:n sample 
(Y or N)?":EE=(I 
lOl:.C A$=INKEY$ 
1050 IF A$="Y" OP. AS,;::"y" THEN GOTO 1080 
1060 IF A$="N" OR AS="n" THEN GOTO 1090 
1070 GOTO 1040 
1080 ERASE IU,HU:ERASE FIT:GOTO 570 
1090 CLS:ERASE IU.HU:ERASE FIT:GOSUB 120:RETURN 
1100 OPEN "I".#l."FISH" 
1110 FOR Q=l TO BEST-l 
1120 INPUT #l.XS.XS.XS.XS.X.X.X.X.X,X.X.X.X.X.X.X.X.X.X.X.X. 
X.X.X.X.X.X.X 
11"30 NEXT Q 
11110 DIM 12(12): DIM H2(12) 
1150 INPUT #l.NS.FS.FLS.S$ 
1160 FOR P=l TO 12 
1170 INPUT U1. I2(P).H2(P) 
1180 NEXT P 
1190 CLS:PRINT" SUGGESTED FISH SPECIES 
1200 PRINT:PRINT "SAMPLE CODE ".NS 
(";MAT;"% match )'f 
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1210 PRINT "FISH COMMON NANE ",F$ 
1220 PRINT "FISH LATIN NAME ",FL$ 
1230 PRINT "SAMPLE DETAILS II.S$ 
12110 PRINT"":PRINT. t1 IEP","" HEIGHT":PRINT"tI 
1250 FOR Z=l TO 12 
1260 PRINT TAB (16) ; '"';: PRINT USING "#. ##"; 12 (Z), : PRINT 
TAB(3l) :H2(Z) 
1270 NEXT Z 
1280 GOSUB 1550:GOSUB 1690 
1290 A$=INKEY$:IF A$="" THEN GOTO 1290 
1300 ERASE 12.H2 
1310 CLOSE #l:CLS 
1320 RETURN 
1330 REM ********** Scan library ********* 
1340 OPEN "I".#l."FISH" 
1350 DIM I2{12): DIM ,H2(12) 
l360 INPUT H1,N$,F$,FL$,S$ 
1370 FOR N= 1 TO 12 
1380 INPUT Hi, I2(N),H2(N) 
1390 NEXT N 
1400 CLS:PRINT:PRINT 
1410 PRINT "SAMPLE CODE ",N$ 
1420 PRINT lIFISH COMMON NAME ".F$ 
1430 PRINT "FISH LATIN NAME II.FL$ 
1440 PRINT "SAMPLE DETAILS II,S$ 
1450 PRINT: PRINT. It IEP","% HEIGHT":PRINT 
1460 FOR N=l TO 12 
1470 PRINT TAB(16);"";: PRINT USING "#.##";I2(N), : PRINT 
TAB (31) : H2 (N) 
1480 NEXT N 
1490 GOSUB 1550 
1500 A$ = INKEY$: IF A$ = "~I' THEN GOTO 1500 
1510 ERASE 12,H2 
1520 IF EOF(1) THEN GOTO 1530 ELSE GOTO 1350 
1530 CLOSE #l:CLS 
1540 GOSUB 120:RETURN 
1550 REM ********** Oraw librarY ~el Dsttern ********** 
1560 PSET (480,181):ORAW "u164" 
1570 PS ET (500,181): DRAW "U164" 
1580 FOR 0=1 TO 12 
l590 Y=(I2(D)*40)-165 
l600 PS ET (u80,Y) 
1610 IF H2(0)<=33 THEN DRAW "BR2:R1;BR4;Rl;BR4;R1;BR4:R1;BR2" 
1620 IF H2(0»33 AND H2(0)<=66 THEN DRAW "BR1;R4;BR3;R4;BR3: 
R4.BR1" 
1630 IF H2(0»66 THEN DRAW "R20" ELSE 1640 
1640 NEXT 0 
1650 LOCATE 23,56:PRINT "8.65":PSET (476.181):ORAW "r4" 
1660 LOCATE 13.56:PRINT "IEP" 
1670 LOCATE 3.56:PRINT "4.55 I ':PSET (476.17):DRAW "r4I' 
1.680 RETURN 
1.690 REM ********** Draw unknown gel pattern ********* 
1700 PS ET (540,181):DRAW "U164" 
1710 PS ET (560.181):DRAW "U164" 
1720 FOR E=l TO 12 
1730 Y=(IU(E)*40)-165 
1740 PSET (540,Y) 
1750 IF HU(E)<""33 THEN DRAW "BR2;Rl;BR4;R1;BR4;R1;BR4;R1;BR2" 
1760 IF HU(E»33 AND HU(E)<=66 THEN DRAW I'BR1;R4:BR3:R4;BR3: 
R4;BR1" 
1770 IF HU(E»66 THEN DRAW "R20'! ELSE 1780 
1780 NEXT E 
1790 LOCATE 1.67: PRINT "SAMPLE" 
1800 RETURN 
1810 REM ********* Error control ********** 
1820 IF ERR:62 THEN GOTO 1830 ELSE GOTO 1850 
1830 IF ERL:1150 THEN GOTO 18uo ELSE GOTO 1850 
1840 ERASE 12.H2:CLOSE #1:CLS:EE=1:PRINT:PRINT"No more samples in 
the l.ibrary":RESUME 1320 
1850 RESUME 30 
( 
